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ABSTRACT 


STEPHEN  J.  McGALGCR.  Microcomputer  Processing  of  LANCSAI 
Tnematic  Mapper  Data  tor  the  Acquisition  of  Military  Tacti¬ 
cal  Terrain  Data  (under  the  direction  of  Richard  J-  Kopec). 

J-  , 

/  * 

;  This  stiffly-  demonstrates  the  potential  use  of  microcomput¬ 
er^- image  processing  techniques  for  obtaining  tactical  ter¬ 
rain  data  from  LAN  DS AT  m ult ispec tr al  diqital  imagery.  Mili¬ 
tarily  significant  Level  I  and  II  land  cover  classes  were 
mapped  tor  three  North  Carolina  study  areas  using  a  modified 
:JSGS  land  cover  classification  system,  LANDSAT  4  Thematic 
Mapper  aata,  and  the  Personal  Image  Processing  System 
(APPLDPIPS) . 

A  site  specific  accuracy  assessment  technique,  using  a 
stratified,  systematic,  unaliqned  sampling  design,  was  used 
to  determine  the  classification  accuracy  of  the  three  land 
cov<=r  maps.  The  classification  accuracy  was  determined  to 
meet  the  OGGS  minimum  acceptable  standard  of  85  percent  at 


the  0.05  confidence  level 
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Chapter  I 


INTBOEUCTIQN 


1-1  Till  iiilJDS&T  SYSTEM 

On  July  23,  1972,  SKIS- 1  was  launched  into  a  circular, 
sun-sy ncaronous  orbit  at  a  nominal  altitude  of  913  kin,  prc- 
vidinq,  for  tne  first  time,  a  remote  sensinq  system  on  a 
space  platform  completely  dedicated  to  the  acquisition  of 
timely,  accurate,  and  reliatle  earth  resource  data.  The 
Tartu  resources  lechnoloqy  Satellite  System,  renamed 
LrSlSAi,  provides  earth  resource  data  acquisition,  process- 
liuj,  and  distribution  for  qlobai  resource  examination  and 
aianaqemont.  Nearly  a  dozen  nations  worldwide  receive  and 
process  data  directly  from  the  LAND3AT  remote  sensors.  Cver 
led  nations  have  applied  LAND5AT  data  tor  indiqenous  re¬ 
source  development  and  manaqement.  LANDoAI  data  nave  been 
usesi  in  the  united  States  to  provide  resource  manaqers  and 
Planners  with  up-to-uite  land  cover  information  necessary 
tor  effective  pianninq  and  policy  makinq  at  tne  local, 

-riU,  a n d  national  levels.  additionally,  numerous  rruiti- 
•  iiscipl  u.ary  a,.piication  projects  have  reef,  completed  by 
private,  acaiemic,  ana  qo  Vf  rnnient  a  1  research  aqtncias  it.  the 
irt.is  oi  aqr  icultur  ►; ,  mineral  and  petroleum  exploration, 

1  ur.  •;  j.s  .t  itj  qeo-e-n  t  ,  water  resource  tnanaqement,  and  fores¬ 
try,  t o  r.  a  j  e  ut  a 


1 


on?  up  plrc  at  ion ,  currently  undtt  cons  id  e.  it  j.  on ,  is;  the 
as-  of  LAKIoAI  digital  imagery  in  the  military  planning  pre- 
CcoS.  ihis  research  project  addresses  the  potential  contri¬ 
bution  or  LrtNCSAi  data  to  military  geography,  the  military 
terrain  analysis  process,  and  to  the  military  planning  pro¬ 
cess.  Additionally,  the  utility  or  microcomputer  processing 
or  LAhDoAl  data  ror  the  acquisition  of  tactical  terrain  data 
will  re  demonstrated  through  the  mapping  of  militarily  sig- 
niticant  land  cover  classes  in  three  Nortn  Carolina  Piedmont 
study  areas  using  a  microcomputer  digital  image  processing 
system. 


1,2  MILITARY  GEOGRAPHY  AND  TERRAIN  ANALYSIS 

'iilitai  y  geography  is  defined  as  the  application  ot  the 
geographic  discipline  to  military  affairs.  Its  primary  tocus 
is  on  the  geometry  of  military  situations  (the  positions  and 
mov-_iT.er.ts  or  rorces  and  their  relationships  to  or.jectives, 
orstacies,  and  channels  of  movement)  ana  the  efrect  of  loca¬ 
tion,  characteristics,  and  Jistr  imtions  or  environments, 
peoples,  torcto,  and  resources  upon  military  activities  and 
command  decisions.1  The  net  effect  or  place  ar.d  the  geometry 
01  situations  are  evaluated  primarily  with  relation  to  mat- 
t«;t  or  strategy,  tactics,  and  logistics. 


.  v,.  and  I  earcy  #G.  i.  Military  eeogr.i  pi.  i .  Prince- 
J.  van  Nostrand  Co.  Inc.  Vioo,  pp.7. 


1  .  .  1 1 1  1  ,  L 

t  o  r. ,  N  .  a  .  : 


sp-ctral  sign  ature.  Spectral  signatures  are  sets  of  seas- 
urements  (UN's)  coi  respon  d  inq  to  a  specific  land  cover  type 
or  surface  feature  on  a  particular  set  of  mu Lt ispectra 1 
data.  13 

ihe  analysis  and  classification  or  LAN  os  A  r  1  — o  il  JS  data 
in  numerous  multi-disciplinary  application  pro-jects  clearly 
demonstrated  the  feasibility  or  obtain inq  accurate  land  cov 
er  information  from  LANDS AT  mult ispectra!  diqital  data.17 
The  preliminary  evaluation  of  the  LANDS  AT  4  IM  data,  with 
its  improved  spectral,  spatial,  temporal,  and  radiometric 
resolution,  indicated  a  significant  improvement  in  the  clas 
sincation  accuracy  of  the  land  cover  cateqories  evaluated 
using  i M  data  verses  MSS  data.13 

I  he  categories  or  land  cover  classes  most  often  used  in 
lanci  coveL  mapping  pro-jects  are  tdiose  of  the  united  States 
Geological  Survey's  (USGS)  Land  Use  and  Land  Cover  Classifi 
cation  System  (see  Iaule  2).  19 


16  Ho t fer , a. M- "Bio- Physical  Considerations  in  Applying  Com¬ 
puter  Aided  Analysis  Techniques  to  Demote  Sensor  Data", 

r. emote  Sensing:  ine  Quantitative  A p p r o a c a .  NY:  McGraw-ii 
Inc. l37B,pp27  1. 

17  L  i  lid  diia  ub  ,  J.  C.  et  al.  "Applying  the  Quantitative  Ap¬ 
proach",  j.L_iu.  Chap .  b  ,  up.  203- o  1  4. 

1  fl  .  Uattocni,  l..  A.  et  al.  "An  initial  Analysis  of  1  ANuSAT  4  T 
Data  l Ci  the  c 1 ussi i icu t i c n  or  Agricultural,  Forested 
Wttiuncj,  and  Urban  Land  covers", NASA  F.cport  No.  c15.NS!L 
St  a t icn , MS : bar t h  Resources  Lab, Nov  13H2. 

19  At  it r ten, J. 5.  a  Land  Use  and  Land  cover  Classification 
system  lop  Use  J4_i_t Ja  P emote  Sensor  Data.  USGS  Profession 
ai  Papcr  3 tj 4 .  Washington,  DC:  US  Government  printing  Cl 
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Comparison  or  LA  NCSA  I  MSS  and  Td  Sensors 

IANESA1  1-3  MSS  LANDS AT  4-5  1M 

SPeCTRAL  b  e  S  C  1 U  T 1 0  N 

a  A  CD  aAVELeNGTH  RaNGE  EANL  WAVELENGIH  RANGE 

1  D.5C-0.60  Green  1  U.  45-0.  52  Blue 

2  0.60—0.70  Red  x  0.52—0.60  Green 

3  0.70-0.30  Near  IR  a  u. 63-0. 60  Red 

4  0.30-1.10  Near  IR  4  u. 76-0.90  Near  IR 

*5  10.4-12.6  Thermal  IR  5  1.55-1.75  Middle  IR 

(.  10.4-12.5  Thermal  IR 

*  LANDSAI  3  only  7  2.03-2.35  Middle  13 

SPATIAL  RESOLUTION 

jANl  1FCV  SCENT  3IeE  ALT  BAND  IFuV  SCENE  SIZL  ALT 

1-u  7ex79m  135x135km  91okm  1-5,7  30x30m  185x170km  705km 

*j  2. 8x2  Jam  t>  1r Ox  12  Ora 

iEMPORAL  RESOLUTION 

R  S  P  £,  A  1  CO  VIRAGO  ORBIT  if /CAY  RLPLAT  COVeRAGe  ORBIT  ff/LAY 
18  i)ays  103  min  14  16  Oays  9  9  in  in  14 

RADIOMETRIC  RESC1UIION 

BAND  ffBIIS  CN'S  SCAN  LINOS  BANC  #DIIS  DN'S  SCAN  LINES 

PER  SWEEP  PER  SWEEP 

1-j  o  0-127  b  1-5,7  8  0-2  5  5  1b 

4  6  0 -  6 3  6  b  80-255  4 

5 0 i j n s  possessing  unitorm  land  cover  types  are 
classni-d  rased  on  tne  paLametric  approach  to  land  evalua¬ 
tion.  *nt-  jttrihute  value  or  parameter  used  tor  tne  clasai- 
ticatun  i-  tr.t  characteristic  spectral  response  pattern  or 


straints,  accessibility,  and  the  need  tor  surprise  and  se¬ 
crecy.  A  potential  alternative  source  of  tacticai  terrain 
-lata,  currently  under  consideration,  is  the  multispectral 
digital  imagery  rroin  the  LAND3AT  4  and  5  earth  resource  sat¬ 
ellite's  Thematic  Mapper  (TM)  scanner. 

ihc  lartn  r.esource  technology  Satellite  (EKTS)  system, 
renamed  I^NhSAf,  was  initiated  in  the  197u*s  to  provide  re¬ 
source  managers  and  planners  with  up-to-date  land  cover  in- 
t or  mat  ion  necessary  for  effective  planning  and  policy  making 
at  the  local,  state,  and  national  levels.  Land  cover  infor¬ 
mation  is  provided  in  the  term  of  land  cover  and/or  land  use 
maps  derived  from  the  computer  processing  of  multispectral 
digital  data,  recorded  and  transmitted  by  the  LANDSAT'3  me¬ 
chanical  scanning  radiometer.  This  remote  sensing  uevice  re¬ 
cords  the  average  spectral  reflectance  of  all  earth  suriace 
materials,  within  the  instantaneous  field  of  view  (iFCV)  of 
the  scanner,  as  a  discrete  inteqer  value  or  digital  number 
(DN)  for  each  of  several  visible  ana  infrared  wavelength 
bands  of  the  electromagnetic  spectrum.  Table  1  compares  the 
resolution  of  the  LANDoAT  multispectral  scanner  (K3S) ,  the 
primary  sensor  on  L«NOSAI  1-j,  and  the  thematic  Mapper  JIM) 
on  LANDoAI  4  1  4  ana  5  .  1  s 


14  Short,  Iv.M.  The  I^bcrial  Workbook:  Basics  or  Sat- 

H e m o t e  Sensing.  NASA  Reference  Publication  107b. 
Washington, PC:  NASA  Scientific  and  Technical  information 
Branch , 1  lb  2 , pp. 4o9-u 1 g. 
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U  S  3 S , 19d4, p( .4-  1. 


irtensivt  personal  reconn uissance  of  the  terrain."13  Int 
size  of  potential  battlefields  or  the  Twentieth  century  and 
beyond  makes  this  personal  reconnaissance  impractical  it  not 
impossible.  commanders  of  forward  deployed  units  in  Europe, 
Asia,  ana  Latin  America  possess  tnis  capability  to  a  certain 
extent.  However,  commanders  in  the  United  States*  lapia  De¬ 
ployment  force  (IDF)  must  rely  heavily  on  topographic  maps, 
aerial  imagery,  and  the  previously  mentioned  ancillary  ref¬ 
erences  rcr  mis  reconnaissance  and  the  acquisticn  of  ter¬ 
rain  data. 

The  increasinq  reliance  on  maps  ana  aerial  imaqery  in  the 
terrain  analysis  process  has  made  the  impact  or  erroneous  or 
out-or-date  terrain  data  sources  potentially  disastrous. 
Cultural  features  and  terrain  alterations  may  chanqe  dramat¬ 
ically  between  map  surveying,  printing,  and  subsequent  up¬ 
dating.  More  often  than  not,  topographic  maps  are  out-dated 
or  non-existent  at  the  scales  necessary  for  the  planning  and 
execution  of  military  operations.  Ine  successful  execution 
01  operations  and  the  survivability  of  men  and  equipment  are 
dependent  on  the  acquisition  of  accurate  terrain  data  to  up¬ 
date  existing  maps  and  aerial  imaqery. 

ine  acquisition  of  current,  up-to-date,  aerial  imaqery 
poses  a  significant  problem,  particularly  in  potential  areas 
of  operation  tor  units  of  the  BDt.  Aerial  survey  missions 
would  re  impractical  or  impossible  based  on  time  con- 


13  bbsidiions  Army  field  Manual  IdO-o. Washington, LC:  1)3  Gov¬ 
ernment  Printing  Office,  19b*., p p.2-9. 
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tion,  commanders  make  tactical  decisions  that  ultimately 
aitect  the  outcome  ol  battles  that  support  operational  ob¬ 
jectives  and  strategic  goals  within  a  theater  or  war. 

1-3  GENERAL  AND  SPECIFIC  PROBLEMS  IN  TERRAIN  ANALYSIS 

The  technological  advances  made  in  the  areas  or  mobility, 
firepower,  anu  communications  during  the  Twentieth  century 
nave  dramatically  attested  the  scale  of  tactical  military 
operations.  Prior  to  these  advances,  tactical  commanders  at 
the  nriqade  and  battalion  level  could  personally  observe  the 
battletielo  and  control  their  units  by  visual  or  verbal 
means.  Today,  because  or  the  tremendous  advances  in  ground, 
sea,  and  air  mobility;  the  lethality  of  weapons;  and  long 
range  communications  and  information  gathering  systems,  tac¬ 
tical  commanders  cannot  personally  "see  and  control"  trie 
cattletxeld.  friendly  and  enemy  units  are  often  far  beyond 
the  commander's  "field  of  view"  arid  are  reduced  to  symbols 
on  topographic  maps-  Observation  and  control  are  by  elec¬ 
tronic  means,  with  all  the  advantages  and  disad vantages  that 
they  impost.  Greater  reliance  is  placed  upon  subordinate 
commanders  executing  orders  which  art  the  result  of  a  de¬ 
tailed,  thorough  planning  process  based  on  the  mission,  ene¬ 
my  and  rriendly  forces,  time  available,  and  terrain. 

Army  Field  Manual  100-5,  Operations,  states, "one  of  the 
rest  investments  of  a  commander ' s  time  before  battle  is  an 


1 1 

ed  on  this  thematic  map.  They  include  depressions,  escarp¬ 
ments,  uitchts,  teiiCco,  road  cuts  or  rills,  and  man-made 
vehicular  obstacles  (craters,  tank  ditches) .  Excluded  from 
this  map  are  slope,  veqetation,  and  surface  material  or 
drainage  otstacles  which  appear  on  their  respective  thematic 
maps. 

The  acquisition  or  tne  basic  terrain  data  elements  for 
the  compilation  of  the  six  thematic  factors  of  the  ITACB  is 
based  on  the  all-source  analysis  concept.  All  possible 
sources  or  terrain  data  pertaining  to  the  area  of  operation 
are  analyzed  including;  existinq  topographic  maps;  land  use 
studies;  environmental  studies;  soil  surveys;  soil,  fores¬ 
try,  and  other  tnematic  maps;  ground  photoqraphs;  tourist 
guides  and  maps;  and  periodicals  of  related  natural  and  so¬ 
cial  science.  The  most  important  source  material  and  the 
basic  tool  tor  the  production  of  the  1IADB  is  aerial  photog- 
rapny.12  Through  the  application  of  manual  image  interpreta¬ 
tion  techniques,  terrain  data  elements  can  be  detected, 
identified,  delineated,  enumerated,  and/or  mensurated.  These 
data,  combined  with  avaiiab It  ancillary  references,  permit 
the  analysis  and  ciassi £ icat ion  ox  the  environmental  condi¬ 
tions  of  a  sptciric  area  or  operation.  This  information 
permits  an  evaluation  or  the  military  aspects  of  terrain  and 
an  estimate  ct  friendly  and  enemy  courses  of  action,  com- 
pl-rting  the  terrain  analysis  process.  3ased  on  this  ir.tormu- 
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traphicaily  portrayed  using  tne  cnoropltthic  mapping  model. 
(2)  Vegetation  -  Vegetation  features  which  afford  cover  and 
concealment,  present  obstacles,  or  serve  as  landmarks  are 
categorized  fcy  general  type,  canopy  closure,  heiqnt,  and 
roughness  lactors  (an  estimate  or  vehicular  movement  degra¬ 
dation  due  to  a  particuiar  type  or  vegetation),  The  spatial 
distr  imt  ion  or  the  vegetation  categories  is  portrayed  using 
the  chorcplethic  mapping  model.  (3)  Surface  Materials  -  the 
surface  material  composition  is  classiried  using  the  Unified 
aoii  Classification  System  (liSCS)  rased  on  the  grain  size, 
plasticity,  gradation,  and  organic  content  of  soil  material. 
Other  categories  include  rock  outcrops,  permanent  snow- 
fields,  evapoiites,  open  water,  and  urban  areas.  The  spa¬ 
tial  distribution  of  these  areal  units  which  affect  the 
trait icability  in  tne  area  of  operation  is  portrayed  using 
the  choropietnic  mapping  model.  (4)  surface  Drainage  -  sur- 
fuct  drainage  patterns,  canars  ana  irrigation  systems, 
shorelinc-s,  otfsnore  islands,  ami  standing  bodies  of  water 
are  outlined  on  this  t nematic  map.  (5)  Transportation  -  the 
existing  road  and  rail  network,  bridges,  ana  airfields  are 
depicted  on  tins  thematic  map.  Toads  and  railroads  are  clas¬ 
sified  by  type  ana  number  ot  lanes  or  tracks;  triages  fcy 
type  and  capacity;  ar.d  airfields  by  orientation,  widtn, 
length,  ana  surface  materials.  (o)  clstacies  -  <i  1 1  natural 
or  man-made  linear  or  areal  teatures  that  restrict  or  divert 
cross-country  movement  ot  t loops  and/or  Vonicles  are  urpict- 


place  variations  are  minimal.  T  fat-  categories  art  classified 
on  the  basis  of  selected  attribute  values  or  parameters. 
These  parameters'  divrde  the  category  into  subclasses  at  cer¬ 
tain  critical  values  or  class  intervals,  which  in  turn  iden¬ 
tify  the  foundries  between  the  non-overlapping  regions.  Mah¬ 
out  described  this  landscape  classir ication  technique  as  the 
parametric  approach  to  land  evaluation. » o  This  technique  was 
initially  developed  tor  landscape  reconnaissance  surveys  tor 
military  purposes  but  later  used  tor  land  cover  and  land  use 
surveys  for  resource  management  and  planning  at  the  local, 
state,  and  national  policy  levels. 

Six  tactically  significant  terrain  ractors,  representing 
tne  natural  and  cultural  features  of  the  landscape,  essen¬ 
tial  tor  evaluating  the  military  aspects  of  terrain,  have 
evolved  into  what  is  today  termed  the  Pact ical  let  rain  Anal¬ 
ysis  Data  rase  (IIADB)..11  The  six  factors  of  the  TTADB  in¬ 
clude:  (1)  slope  -  the  natural  or  artificial  degree  or  ex¬ 

tent  or  deviation  or  tne  ground  surface  from  the  horizontal 
expressed  as  a  percent  of  slope  (the  tangent  or  the  slope 
angle  X  ICO).  The  areal  extent  and  distribution  of  slope 
categories  which  limit  or  restrict  the  mobility  of  dismount¬ 
ed  troops  ana  motorized,  mechanized,  or  armored  vehicles  are 


10  1 1 bb ut , J.  A. "Rev iow  or  Concepts  of  land  Ciassirication" , 
band  I  valuation.  3outn  Melbourne:  Maciiililan  and 
Co. Ltd. 1duo,(  p.rp 

1  1  OMA  product  SPfcniCitxJus  tor  tjpe  ijard  i'o^y  lac  tj.ca  1 
Terrain  Analysis  Data  base  J:  50000.  Washington, DC :  DMA 
ay  dr  egraph  lc/lopograph  ic  Center, Jan  I'aoz,  pp.1. 


micro-relief  features  which  restrict  the  mobility  of  forces 
wituin  an  area  of  operation;  (4)  Key  Terrain  -  natural  or 
man-made  features  which  afford  a  marked  advantage  to  the 
holder  ty  denyinq  access  to  an  area,  influencing  movement 
along  a  route,  cr  providing  a  vantage  point  tor  ocservaticn; 
and  (5)  Avenues  of  Approach  -  natural  routes  or  transporta¬ 
tion  networks  leading  to  key  terrain  features  which  are  of 
sufficient  width  to  permit  the  deployment  or  forces  in  tac¬ 
tical  formations  or  permit  unrestricted  cross-country  move¬ 
ment. 

Althouqh  the  focus  of  this  study  is  at  the  tactical  level 
or  local  scale,  the  military  aspects  of  terrain  remain  con¬ 
stant  regardless  o 1  the  geographic  scale.  The  scope  or  de¬ 
tail  of  the  evaluation  is  the  factor  that  varies  with  scale. 

The  initial  step  in  military  terrain  analysis  is  essen¬ 
tially  a  data  acquisition  and  classification  process  derived 
from  the  regional  concept  of  qeoqraphy.8  Before  the  military 
aspects  of  terrain  and  the  profatie  courses  of  action  can  he 
evaluated,  the  spatial  distribution  of  the  physical  and  cul¬ 
tural  factors  of  the  landscape  which  affect  military  opera¬ 
tions  must  he  analyzed  and  classified  into  single  feature 
uniform  regions.’  These  contiguous  areas  are  classitied  us¬ 
ing  a  single  homogeneous  category  within  which  place-to- 


a  1itcntll,C. w.  Terrain  Evaluation.  London:  Long  man  droup 
Lta.  1'?7j,pp.z3. 

9  dagg-t,  F.  >'-t  ai.  ijcat  ion  Analysis  in  daman  deegrapuy . 
end  ■ :  j «  i*Y:  .lehr,  wiity  ana  sons,  1977  ,enap.  14  ,  pp.<o  1. 


factors ,  all  basic  reconnaissance  data  essential  ter  sound 
command  decisions;  (2)  an  evaluation  or  the  ertects  of  the 
environmental  conditions  upon  tactical,  administrative,  and 
logistical  factors  and  activities;  and  <3)  an  estimate  of 
tne  effects  or  the  characteristics  of  the  area  upon  possible 
friendly  and  enemy  courses  or  action.6 

The  second  and  third  steps  of  the  terrain  analysis  pro¬ 
cess  are  essential  tor  the  development  of  strategic  plans 
ana  the  application  of  tactical  concepts.  They  are  mission 
oriented,  mission  dependent,  and  require  intelligence  esti¬ 
mates  or  friendly  and  enemy  troop  strengths,  unit  composi¬ 
tions,  locations,  readiness,  morale,  and  ievd  ot  technolo¬ 
gy.  Inc  evaluation  of  the  net  efiect  of  environmental 
conditions  on  tactical,  acmin istr at ive ,  ana  logistical  fac¬ 
tors  and  cn  probable  courses  of  action  also  requires  an 
evaluation  ot  the  military  aspects  of  terrain.7 

The  military  aspects  of  terrain  include:  J1)  Cover  and 

concealment-  the  protection  from  flat  trajectory  fire  and 
aerial  observation  atroriea  by  irregularities  in  the  surface 
cor.  t  igur  at.  ion  or  the  landscape;  (2)  Observation  and  Fire  - 
the  ability  to  visually  or  electronically  monitor  and  place 
flat  trajectory  weapons  fire  on  an  area  from  specific  loca¬ 
tions;  (j)  obstacles  -  natural  or  man-made  macro-relief  and 


6  Peltier, L.C.  anu  Paarcy  d.E  3i±i.tar.y  iieo^r Prince¬ 
ton,  »\J:  u  van  Nostrum  Co.  Inc.  1 966  ,pp.  7. 

7  Military  Qeo  it  an  hie  intelligence  •  Army  Field 
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logistical  support  before,  during,  and  after  engagements 
with  the  enemy-  Althouqh  military  doctrine  establishes  sys¬ 
tematic  procedures  tor  the  deployment  of  forces  to  take  tac¬ 
tical  advantage  of  the  terrain,  based  upon  the  technological 
lev  cl  or  lorcts  (firepower,  communications,  and  obility) , 
tut  rinal  selection  of  appropriate  tactics  is  based  on  the 
evaluation  of  specific  mission  requirements,  enemy  capabili¬ 
ties,  troops,  equipment,  and  time  available,  and  tne  effect 
or  weatner  and  terrain. 

weather  and  terrain  ariect  military  operations  more  siq- 
niiicar.tly  than  any  other  physical  factors.  Cloud  cover, 
precipitation,  oust,  iigut  conditons,  wind  velocity  and  di¬ 
rection,  and  temperature  extremes  significantly  aitect  the 
performance  or  men,  equipment,  weapon  systems,  ana  terrain 
conditions,  ierrain,  the  physical  ana  cultural  features  of 
the  lanuscape,  forms  the  natural  structure  or  the  battle- 
tield  and  influences  the  motility  and  visibility  of  forces, 
it  provides  opportunities  and  advantages,  imposes  limita¬ 
tions  ana  disadvantages,  giving  a  decisive  edge  to  the  com¬ 
mander  whe  uses  it  best.  Battles  have  been  won  or  lost  based 
upon  the  Way  commaratrs  used  the  terrain  to  protect  their 
own  forces  while  destroying  the  se  of  tneir  opponents. 

Peltier  and  Pearcy  identified  three  steps  in  the  terrain 
analysis  process  or  three  area  analysis  components:  (1)  a 
general  description  of  tht  environmental  conditions  in  tne 


area  of  operation  including  weather,  terrain,  and  cultural 


oinAIsGIC  ^UzSTIUNS; 

(1)  Where  are  the  objectives  to  attack,  or  derend? 

(2)  Where  is  the  enemy  located  and  where  will  ne  move? 

(i)  Where  are  obstacles  and  channels  of  movement? 

TACTICAL  gUSS'IICNS: 

(1)  Where  to  commit  what  force? 

(2)  where  to  move  and  deploy? 

(j)  Where  to  attack  or  defend,  advance  or  retreat? 

(4)  Where  tc  place  routes,  tridqes,  landings,  and  deren- 
s  es  ? 

LCGIS IICAL  QUESTION 

(1)  Where  can  men,  material,  firepower,  and  supplies  be 
deployed  to  support  the  tactical  mission? 

Answers  to  these  questions  are  found  through  the  analysis  of 

the  area  cf  operation  using  the  military  terrain  analysis 

process . 

Military  terrain  analysis  is  defined  as  "the  process  or 
analyzing  a  geographic  area  to  determine  the  erfect  of  natu¬ 
ral  and  man-made  features  of  the  landscape  on  military  oper¬ 
ations."4  it  is  one  of  the  initial  steps  in  the  planning 
process  and  an  essential  element  tor  the  successful  execu¬ 
tion  of  military  operations. 

Succ jss  in  battle  depends  upon  commanders  selecting  the 
appropriate  tactics  to  win  tatties  and  engagements  that  sup¬ 
port  operational  objectives  and  attain  strategic  goals  with¬ 
in  a  theater  of  war.5  Tactics  involve  the  specilic  tech¬ 
niques  military  units  use  to  depLoy,  position,  and  maneuver 
toroes  on  the  tattierield,  provide  fire  support,  and  proviue 


4  iihl^in  Analysis.  Army  Field  Manual  21-jj.  Washington, bC: 
J  5  Government  Printing  0 1  f  ice,  1  97d,  pp.  1- 

5  k'i'2£J I icgis.  Army  Field  Manual  1ou-5.  Washington,  bC:  US 
Government  Printing  c i t icc , 1 oo2 , p p . -- 3. 


on  the  conduct  oi  operations  at  the  brigade  and/or  iataliicn 
level. 

lue  tocus  oi  this  study  is  on  the  local  or  tactical  level 
within  this  hierarchical  nesting  of  geographic  scale.  Al- 
tnough  the  goals  and  objectives  (missions)  of  brigades  and 
tattlions  are  prescribed  by  operational,  regional,  ana  glob¬ 
al  objectives,  they  must,  in  part,  be  based  on  the  local  or 
tactical  capabilities  of  units  to  deploy,  maneuver,  support, 
and  engage  the  enemy.  These  capabilities  depend  upon  the 
physical  and  cultural  conditions  of  the  battlefield  and  the 
level  of  technology  of  the  opposing  forces.  If  the  decision 
to  pursue  national  objectives  by  military  means  is  based  on 
a  Keen  sense  of  geopolitical  realities,  strategic  accessi¬ 
bility,  and  strategic  feasibility  through  tactical,  techno¬ 
logical,  and  logistical  capabilities,  the  conduct  of  mili¬ 
tary  operations  becomes  essentially  a  geographical  problem 
of  where  to  commit  torces  to  tattle.3 

Military  commanders  at  all  levels  make  decisions  about 
where  to  commit  forces  to  battle  based  upon  the  evaluation 
of  strategic,  tactical,  anu  logistical  matters  pertaining  to 
their  specific  area  of  operation.  The  scope  or  detail  ct  the 
evaluation  naturally  depends  upon  the  geographic  scale  of 
the  operation.  Kegardleis  of  scale,  answers  to  the  roliowing 
questions  are  essential  to  the  decision  making  process  and 
ultimately  to  the  succt  oi  the  operation: 


Strategic  matters  pertain  to  the  ident if ication  of  aiix- 
tary  objectives  or  targets  and  the  evaluation  or  the  cipa- 
nilities  cl  opposing  rorces  to  exert  the  rorce  or  arms  ir. 
support  or  national  oh  -jectives.  Tactical  matters  pertain  to 
the  errects  oi  the  environment  or  battlefiela  conditions  on 
military  organization,  training,  and  decisions.  Logistical 
matters  pertain  to  technology,  planning,  and  tm  deployment 
or  men,  material,  and  supplies  esser.tiii  lor  tactical  suc¬ 
cess  within  a  specific  theater  oi  operation. 

strategic, t  ict ical,  and  logistical  matters  are  evaluated 
at  various  scales. ?  At  the  global  scale,  these  matters  are 
evaluated  in  terms  oi  tne  National  Grand  strategy  (those  na¬ 
tional  geopolitical  goals  or  objectives  determined  uy  na¬ 
tional  desires,  character istics,  and  resources)  and  tne  pur- 
suit  or  national  otjectives  ty  military  means.  At  the 
regional  scale,  they  are  evaluated  in  terms  ol  a  specilic 
tncuter  ol  war  or  geographic  region  in  which  an  army  would 
operate  (i.e.  JS  Army  zurope)  in  support  or  onjectives  and 
goals  or  the  National  Grand  Strategy.  At  the  operational 
scale,  strategic,  tactical,  and  logistical  matters  are  eval 
uat-.d  in  terms  of.  tin  net  ellect  ol  a  specitic  geographic 
location  on  tne  maneuver  ard  support  ol  major  field  command 
(corps  and  division).  Finally,  at  the  local  scale,  tiie-se 
mat  tv  is  ale  evaluated  in  terms  oi  specilic  physical  and  cul 
t  ural  conditions  oi  potential  t  attler ields  ami  tneir  eirect 
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This  resource-oriented,  hierarchical  classification  system 
provides  a  standardized  convention  that  defines  land  cover 
types  at  the  generalized  1  and  II  levels,  yet  permits  the 
flexibility  for  user  specific  definitions  at  the  111  and  IV 
levels  or  below.  With  minor  tnodir ications  at  tne  1  and  II 
levels,  and  with  specific  military  tactical  terrain  factors 
defining  level  III  classes,  the  UGGS  system  could  be  used  as 
a  standard  convention  tor  the  Veqetation,  Surface  Drainage, 
Juriaca  Material,  ana  ir ansportation  factors  of  tne  HADB. 

Ine  application  of  LANDSAi  Id  aata  as  a  potential  source 
of  tactical  terrain  data  is  currently  under  study  at  the  De¬ 
fense  dapping  Agency  (  d  d  A ) .  DMA  is  responsible  for  providing 
the  Department  or  Defense  with  terrain  information  in  both 
cartographic  and  uigitai  formats.  Ihis  includes  compilaticn 
or  the  IIACB,  1:50,000  (local  or  tactical  scale);  the  Han¬ 
nan;  lerrain  Analysis  Data  Case  (PIADB) ,  1:250,000  (regional 
ana/or  operational  scale);  and  a  series  of  visibility  and 
mobility  m a p s  pertaining  to  the:  military  aspects  of  terrain 
(at  l o t  h  scales). 

Ida's  approach  to  providing  this  in tor mat  ion  is,  by  ne¬ 
cessity,  f  i  inly  c»- n  trail  Zed.  tatd  acquisition,  analysis, 
class i f icat iop ,  uppiaisai,  and  product  completion  ale  iccom- 
Pii  she  u  at  >i  c  ntiiiized  locution  iy  it  a  1 1  i  u  rsc  1  p  a  ^  t.<  terrain 


analysis  teams  usmq  a  synetqistic  approach. 20  consequently , 
the  diqitai  imaqe  processing  of  LANDJA1  data  is  teinq  con¬ 
sidered  in  the  same  light.  The  computer  piccessinq  of  full 
LAN  Do  i'll  scenes  (approximately  32,000  square  kilometers)  re¬ 
quires  mainframe  or  minicomputer  hardware  and  software  sys¬ 
tems  to  handle  the  nuqe  amounts  ol  data  involved.  This 
equipment  is  only  available  in  centralized  locations  such  as 
DMA .  however,  a  potential  problem  arises  in  the  timely  dis¬ 
semination  or  terrain  information  from  this  centralized  lo¬ 
cation  to  tactical  unit  commanders  and  starts. 

hriqade  and  battalion  size  tactical  units  or  the  RDF  must 
be  prepared  to  deploy  anywhere  in  the  world  witnin  IB  hours 
ot  notification.  Inis  Id  nour  period  encompasses  the  total 
tiuic  required  to  assemble  units;  issue  arms,  ammunition,  and 
supplies;  plan  and  issue  orders  to  subordinate  units;  re¬ 
hearse  critical  aspects  ot  the  mission;  move  to  departure 
airfields  cr  port  facilities;  and  deploy  to  the  area  of  op¬ 
eration.  j.t  terrain  information  products  are  not  available 
to  intelligence  ana  operations  starfs  and  unit  commanders 
within  the  first  lew  critical  hours  ot  the  planninq  process, 
terrain  inrormation  must  be  appraised  usinq  terrain  data  ac¬ 
quired  rrciit  oxistinq  topoqrapnic  maps,  aerial  imagery,  or 
anythin;  else  that  may  provide  an  insiqht  to  the  conditions 
or  the  tattle  field,  in  the  case  of  the  Grenada  operation  in 


ho  w  it  u ,  i .  "  p  1  it  at.  ion  ot  Thematic  Mapping  iechn  iquos  in 
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class  ot  iMtitist. 

Apple  II  series  microcomputer  mroware  currently  exists 
dt  ti»c  proposed  decentralized  unit  levels.  nicuCriX,  a  turn¬ 
key  software  and  Dataware  system  consisting  or  " mi  1 1 1 a r i zeu " 
Apple  II  hardware,  -as  fielded  in  1a8j.  Ihe  dIChCrIX  system 
is  compdtille  with  the  ArFLEfIPS  software  system  with  minor 
modir ications  to  the  card  slot  configuration  and  the  PIPS 
hard  copy  algorithm. 

Proviuinq  tnc  LANDSAa  1  M  data  can  be  obtained  in  the  a p- 
propiidte  toruiat  and  trained  digital  image  analysts  are 
available  at  the  decentralized  levels,  two  speciiic  ques¬ 
tions  remain.  Ihe  first  concerns  data  acquisition  and  clas¬ 
sification.  which  I1AD3  factors  can  be  OLtamed  trow  the 
analysis  and  classif ication  oi  the  digital  Id  data?  The  sec¬ 
ond  concerns  the  accuracy  ot  the  resulting  land  cover  maps. 
What  is  the  accuracy  of  the  spatial  distribution  of  the  land 
cover  classes  depicted  and  how  does  it  compare  to  the  actual 
lanu  covers  present  on  the  qrcund? 

1.4  PURPOSE  AMD  OBJECTIVES 

The  purpose  of  tnis  stuuy  is  to  determine  ir  accurate 
tactical  terrain  data  can  ft  obtained  through  the  digital 
image  processing  ot  LANDS  A  1  Thematic  dapper  data  using  the 
Personal  Imaqe  Processing  System  designed  tor  use  with  tne 
Apple  II  series  microcomputer. 
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19ou,  primary  terrain  data  sources  included  recent  aerial 
imagery,  tourist  guide  maps,  and  petroleum  company  road 
maps. 

A  potential  solution  to  the  problem  or  timely  dissemina¬ 
tion  or  terrain  data  or  information  is  the  decentralization 
or  the  digital  image  processing  or  LANDSAi  data  to  the  user 
level.  1 h is  wouia  provide  current  land  cover  inrormation 
(derived  from  recently  acquired  LANDbAl  TM  data)  to  update 
existinq  topoqraphic  maps  and  aerial  imagery.  Development  of 
microcomputer  diqital  image  processing  systems,  in  the  last 
several  years,  indicates  that  the  decentralization  of  this 
process  is,  in  tact,  entirely  feasible. 

Ihe  Personal  Image  Processing  System  (PIPS),  designed  tor 
use  with  the  Apple  Is  series  microcompu ter  by  the  HUSKS 
group,  is  one  example  or  this  type  or  system.  It  is  de- 
soritvid  as 

a  vtry  effective  low-cost  aid  ror  image  process¬ 
ing.  documentation  is  excellent  and  the  programs 
art  tasy  tc  use  for  students  with  a  limited  knowl- 
edqe  or  computers  or  image  processing  tech¬ 
niques.  7  1 

APPLIFIPS  permits  the  interactive  color  monitor  display 
or  black  and  wnite  hard  copy  display  or  single  band  digital 
aata;  image  enhancement  techniques  to  improve  the  visual  in¬ 
terpretation  of  the  data;  and  multi-band  thematic  classifi¬ 
cation  or  land  cover  categories,  land  cover  classification 
is  i  a.u  a  on  a  user-specified  spectral  signature  ror  each 


x  e  icii ,  i  .  •  •:  t  ai .  "n  ic  rocom  (.  u  t  tt  s  in  tn«-  dapping  dciences", 
~  j.8  ;ni  r  e  r  diapiiics  _Wa;_l  J  ,  Vcl.n,No.t,lei  1  S>e o,  np.2. 


The  jia]ci  objectives  of  this  research  are  as  follows:  (1) 
to  identify  the  Tactical  leirain  Analysis  Data  aase  factors 
that  may  te  obtained  through  the  aiqital  image  processing  of 
j.Ai.'iCJAT  ifi  data  fy  reviewing  related  literature  pertainmq 
to  iand  cover  a; plication  projects  using  LANDSA1  data  and 
tie  supervised  approach  to  digital  image  processing;  J2)  to 
complete  a  land  cover  map  for  each  of  three  North  Carolina 
stuuy  dicdr,  representing  typical  vegetated  iand  cover  cat¬ 
egories  tcund  in  tin  Piedmont  physiographic  region,  using: 
a)  a  modiried  USGS  land  cover  classification  system  as  a 
proposed  standard  convention  tor  the  TIADB  Vegetation,  Sur¬ 
face  Materials,  Surlace  Drainage,  and  Transportation  fac¬ 
tors;  b)  IanDSAI  1 M  data  in  a  5  1/4  inch  floppy  disk  format; 
anu  c)  the  Apple  II  Personal  Image  Processing  System;  and 
(J)  to  evaluate  the  accuracy  ct  the  land  cover  maps  using  a 
site  specific  accuracy  assessment  technique  tor  supervised 
iigrtal  image  processing  to  determine  if  AEPLLP1FS  land  cov¬ 
er  maps  m 1 1 1  the  UoGS 1  do  percent  minimum  accuracy  standard. 
The  potential  tor  using  microcomputer  digital  image  process- 
rng  teennigues  to  obtain  tactical  terrain  data  from  LANDS  A I 
muitrspectral  digital  imagery  will  be  demonstrated,  it  there 
is  no  significant  dnte-renct  between  the  regions  of  uniform 
iar.g  cover  rdeiitiried  on  the  Alt  Lit  IPS  iana  cover  maps  and 
the  regions  id entitled  in  the  study  areas  try  ground  observa¬ 
tion. 


Chapter  II 


RELATED  LITERATURE 

2. 1  THE  LANDSCAPE  AND  QUANTITATIVE  APPROACHES  1C  TERRAIN 
EVALUATION 

.utciitli  identified  two  tasic  approaches  ior  the  acquisi¬ 
tion,  jualysi:;,  ana  classif  ication  01  terrain  data  for  prac¬ 
tical  terrain  evaluation  purposes.22  The  first,  the  physio¬ 
graphic  or  landscape  approach,  attempts  to  ciassiry  terrain 
into  natural  units  (uniform  uqions)  representinq  finite 
physical  regions  ide-nt  ii  i a  t  ie  on  the  qrouna  and  rrorn  the 
-iir,  at  two  distinct  scales. 

Email  soak  units  (larqe  uniform  regions)  are  identified 
eased  on  tne  Cavisiar,  causuai  factors  of  structure,  process, 
stage ,  ana  climate.  Ihese  reqions  are  termed  qenetic,  lor- 
pnoqe.'i^tic,  or  recurring  land  systems  and  are  identified  at 
scales  ranging  from  1:2oo,Ueu  to  1:1,UU0,0J0  or  smaller.  The 
large  natural  regions  resulting  from  this  genetic  classifi¬ 
cation  ait  internally  complex  and  often  overly  generalized 
in  or  it  c  to  accomodate  noth  the  natural  arid  cultural  rea¬ 
lm  es  oi  the  landscape.  Vague  Loundaries  ar.d  an  ur.suitar.le 
seal-.-,  t  or  detailed  land  cover  01  land  use  applications  are 
•iloj  ilcadvantages  of  this  small  ;,caie  approacii. 
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Large  scait  rnuts  (small  uniform  regions)  are  identified 
ti.rougn  trie  analysis  of  char  acte  r  i  st  ic  terrain  patterns  of 
l ou.ogn»ecus,  non-rocur rinq  physiographic  or  landscape  units 
termed  facets,  at  scales  ranqinq  from  1:100,000  to  1:50,000 
or  larger. 

Matbut  described  tne  advantaqes  of  the  landscape  approach 
to  terrain  classification  as;23  (i)  establishing  a  rational 
niearcny  of  natural  reqions;  (2)  facilitating  the  explana¬ 
tion  or  tc=  concept  or  regionalization ;  (3)  assisting  in  the 

initial  r econnaissance  survey  of  an  area;  and  (4)  permitting 
the  prediction  of  landscape  characteristics  based  or.  a  com¬ 
parison  or  image  pattern  elements  with  image  interpretation 
k^ys.  Inis  c  1  assi r icat ion  approach  is  based  on  the  visual 
recognition  or  coaracter ist ic  components  of  the  landscape 
(topograpny,  drainage  patterns,  vegetation,  surtace  materi¬ 
als)  and  is  particularly  applicable  to  the  manual  interpre¬ 
tation  or  remote  sensor  imagery.  large  and/or  small  scale 
unitorm  regions  are  identified  cased  on  a  qualitative  or 
sub-jrctive  visual  interpretation  of  tone,  texture,  patten., 
size,  shape,  and  association. 

lii-e  second  approach  to  terrain  classi  f  icat  ion ,  the  para¬ 
metric  or  quantitative  approach,  attempts  to  classify  uni¬ 
form  regions  based  on  selected  landscape  attribute  values  or 
parameters  of  particular  interest  for  specific  a ppl ica t ions , 


Mabtut ,  J  .  n  .  "  1  eview  of  Concepts  of  Land  Class i 1 ica t ic n" , 
rand  evaluation.  Couth  deirourne:  dcMillun  and 
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at  eitner  the  land  systea  or  tacet  scale,  inherent  problems 
or  this  approach  incluae  a  in  icult.ies  in:  (1)  identifying 

relevant  parameters  or  attribute  values  to  La  mapped  based 
on  the  sptcinc  purpose  of  the  land  cover  project;  (2)  iden¬ 
tify  i  n  q  iimitinq  values  which  separate  classes  and  sutclass- 
es  of  interest;  (3)  collecting  more  data  or  greater  detail 
increases  the  "cost"  ot  tne  ciassif ication  project;  (4)  rec¬ 
ognizing  the  resulting  land  cover  classes  on  the  ground;  and 
(5)  the  sampling  methodoloqy  used  limits  the  predictability 
of  the  approach.  ILe  parametric  approach  does,  nowever, 
avoid  the  subjectivity  of  the  landscape  approach  by  defining 
uniform  regions  quantitatively,  permitting  comparisons  and 
affording  consistency.  It  is  particularly  applicable  tc  the 
computer  analysis  of  digital  terrain  data  acquired  by  auto¬ 
matic  remote  sensing  scanners. 

Despite  the  differences  between  the  two  approaches,  they 
snould  be  considered  as  ultimately  complementary  rather  than 
conflicting. 25  ihe  relative  advantages  and  disadvantages  of 
cacti  approacn  vary  witii  (1)  the  specific  purpose  of  a  par¬ 
ticular  application  project;  (2)  time,  funding,  and  geo- 
jLupnic  scale;  and  (3)  the  type  ot  data  (ground  survey  data, 
archival  data,  remote  sensor  uata) . 


^ 4  ibid.  pp.21. 
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The  paiametric  a^proacn  to  terrain  classi fication  has 
Loon  most  rully  developed  icr  military  purposes  ty  the  Unit¬ 
ed  Jtates  Army  finganeer  Waterways  ixpt r iment  station 
(USAiwsb)  at  Vickst  urg,  Mississippi.26  ihe  initial  research 
program,  Uqui.  in  195a,  focused  on  the  identii  ication  of  Key 
terrain  factors  aiiectinq  military  activities.  These  fac¬ 
tors  were  limited  to  a  manageable  number  which  were  easily 
visualized,  militarily  significant,  ttansrer able,  and  gave  a 
complete  picture  or  the  terrain. 

Ihc  numerical  values  of  the  parameters  identifying  subdi¬ 
visions  within  the  terrain  classes  had  to  be  suitable  as 
fl. aoping  units  and  related  to  factors  limiting  tne  mopiiity 
and  visibility  of  men  and  equipment.  Based  on  these  guide¬ 
lines,  teiiain  factors  were  identified  and  grouped  into 
"factor  families". 

There  were  two  oriinary  factor  families  in  the  Vicksburg 
approucn  to  the  parametric  classification  of  terrain.  The 
first,  the  aggregate  ina  general  lactor  family  included: 

(1)  pny oicgrapny  -  the  generalization  of  the  surface  geom¬ 
etry  into  plateau,  plain,  hill,  ar.u  mountain  clissts;  !2) 
nypsouiotL  y  -  representing  altitude  classes  J<5dUb  ft; 
ovjJJ-Uddd  Lt;  >9000  ft)  affecting  vehicle  operational  etti- 
cienc/;  and  (e)  lar.dlorm  and  surface  conditions  -  depicted 
or.  pnysiogtapnic  sKetcn  maps  and  geomorphic  outline  maps. 
Ctnei  surface  geometry  factors  included  characteristic 


26  ibid.  (  p.  .  1  . 


2  "i 


slope,  rtiier,  occurrence  or  slopes  >50  percent,  and 
characteristic  plan  profile. 

;Hc  secoin  -iroup,  the  q round  and  veqetation  ractor  fami¬ 
ly,  consisted  of:  (1)  soil  type  -  soil  texture  and  propor¬ 

tion  or  tare  rock  exposed  at  the  surface;  (2)  soil  consis¬ 
tency  -  degree  of  layering,  ccnesi veness,  and  crustiness; 

(o)  surract  rock  -  litnoioqy  of  the  exposed  surface  rock; 

(4)  vegetation  -  a  quantified  physiognomic  classification 
baSc-d  on  tne  physical  form  and  outward  superficial  appear¬ 
ance  or  plants;  ana  (5)  microrelier  -  vertical  obstacles  of 
lc-ss  tiiai*  10  feet. 

Applications  of  the  Vicksburg  approach  lor  terrain  clas- 
sincaticn  to  different  geographic  regions  of  the  world  dem¬ 
onstrated  the  utility  of  the  approach  for  providing  inrorma- 
tior.  concerning  tratricabiiity,  mobility,  and  visibility.27 
interpretation  or  remote  sensor  imagery,  primarily  aerial 
photography,  permitted  the  recognition  or  several  physio¬ 
graphic  and  so i 1/veqetaticn  factors  by  trained  image  ana¬ 
lysts. 

.hr,  ractor  tamilies  or  the  Vicksburg  approach  have  been 
modified  into  the  six  terrain  ractors  of  the  Defense  Mapping 
Ag'r.cy's  Iacticar  .errain  Analysis  Data  Ease,  which  includes 
s  lo  p<_  ,  v  c  g  e  t  a  t  ion  ,  surface  materials,  surtace  drainage, 

1 1  1 1  u  p  o  .  t  u  t  ion,  a  ii  o  obstacles. 
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:h<=  slept  parameter  vdluts  are  based  or,  tne  maximum  per¬ 
cent  oi  slope  which  will  permit,  degrade,  or  prevent  loot 
soldiers,  wnedeu  venicles,  and  tracked  vehicles  (tanks  and 
armored  personnel  carriers)  from  traversing  terrain  during 
tne  course  of  military  operations.  Tnese  attribute  values  or 
slope  cattgories  include  (tut  are  not  limited  to)  the  lol¬ 
loping  classes:  0-3,  3-10,  10-20,  20-30,  30-40,  40-45,  >45 
percent,  ihe  primary  slope  data  sources  are  topographic 
maps,  stereo  atrial  photogr aphy ,  and  ground  measurements. 
Although  stet'io  LANDoAI  images  have  been  prepared  using  com¬ 
puter  digital  image  processing  techniques, 2>t  tuey  are  not 
widely  available  and  will  not  he  used  rn  this  research 
project.  Inerefore,  the  acquisition  or  slope  data  from 
LAhiJ3.il  is  imagery  will  not  be  evaluated  in  this  study. 

i.ir.:U  and  areal  obstacle  parameter  values  art  nased  on 
aiaxiuuin  vertical  and  horizontal  microrelief  features  which 
atgradt  or  prevent  vehicular  mobility,  ihese  valuts  are  typ¬ 
ically  dss  tiiar  1e-20  feet  and  are  not  detectable  with  the 
Lhhbo.il  Id  res  oiutior.  or  30x3U  meters,  ihe  re  fore,  the  acqui¬ 
sition  or  ots tacit  uata  from  LANDS Ai  id  imagery  will  not  he 
-v.iiu  it  _ a  in  tnis  study. 

Ir.o  tour  terrain  t actors  of  the  IIAOD  that  will  be  evaiu- 
ite  i  include:  (1)  dictation  -  the  physiognomic  classifica¬ 
tion  pi  vty-.’tj cion  b.is^u  on  t he  Physical  term  or  outwara  su- 


*«  *i  let.  ,f  .M  3L  Terrain  loads  frou  LAN  Do  AT  4  Digital  Image 
Data",  lecnmcai  tapirs  50th  Annual  deetinq  American  So¬ 
ciety  c;  1  ho t pgr  an  met r y ,  Falls  Church:  ASF, dar  la 84. 


1.  v :  l  i  1  a  ( 


or  plants  incluuinq  toru- ;  it tr 
'  :o;.,  :  iiiK(  si*  nui  texture ;  ana  qroun.1  coverage, 2* 
a  * .  ’  o  tic  vegetut  ion  categories  of  thv  IT »J3. 30  I  he 
•  „  .  •  u  j  t-  u  i-  -  taetJi  (Vhr),  a  subjective  estimate,  or 
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.  si  jay. 


t i o r  i u _  to  a  particular  type  of 
an d  spacinq,  bill  not  ct  evaluat- 


uc i‘:  i  ,  i'i .  *."n  t  i.y.uo>ir.oc  it  classn  ication  or  Veqet  itior. 
nnaio  o_t  Ue  A^socia  troi.  of  nmer  lean  ooo^r  aj^n  c  r  s .  X  as  ii 
I.  ]  t  J  li  ,  l  e  :  A  A  3  ,  1  V  a  a  ,  V  O  i  .  3  'i  ,  p  p  .  i  J  1  -  i  1  0. 

■in  1  l  o '.!  u  c  t  Jpe-cilic  it  101.3  tor  the  iiar  u  C  OLi  lactic  >1 
;  r  r  air.  A:,  nysis  a  at  a  Cane  J  :  ‘ouU.J  y»  * as bin  it  on,  ir:  is  A 

yar  c-u  api.  lc/iop  oqrapnic  c-.-i.tei,.]  11.  1  -o-  j ,  pp.  '5- a . 
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one  or  the  objectives  or  the  stuoy  was  to  Jttcriciue  tr,  :  veq- 
<- ration  cover  types  that  ecu  la  re  delineated  iron;  LaKDSii  IM 
rands  1-5.  The  land  cover  class i 1 it  at  ion  system  used  lor 
til--  stuly  was  a  modirieu  U5GS  classi r ication  system  with  8 
L  e  v  e  1  *  classes,  21  Lev  cl  ~  I  classes,  a  n  J  33  i  e  v  -  1  ill 
cla:s-.s.43  Id  lie  9  lists  the  ciassix  ication  system  used  roc 
ti.  ;  j  iqir.aw  diver  Basin  study. 

IJ  ns  u  per  vised  cluster  analysis  and  Baxiaua:  liKeiihood 
c  1  i.  s  i  r  ic  at  ion.  algor  itnais  or  t  h o  ~  l  A  3  s y s t  e in  resulted  in  2  j 
i  .in  i  co  ve  r/ vt-  -ye  t  at  ion  classes  laentir  iarlc  on  the  August  17, 
1  ;  i*i  .  iFa.je  used  in  the  stuuy. 

ait..ouqii  tile  reseiren  project  has  not  teen  con. pit  ted  Jac- 
ear  icy  lt.o  r eiiai  ility  evaluation  remaining)  the  preliminary 
L..  cuts  indicate  a  high  potential  tor  the  use  or  i«  data  to 
;  i,;;  land  covet  r or  wiliiiire  habitat  evaluation. 
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Additional  findings  included:  (1)  Ihe  ideat ii ica  t.  ion  or 
i  negative  correlation  between  spectral  Lt-liectai.ee  and  per¬ 
cent  canopy  closure  in  ail  7  lands  of  the  I  Ms  data,  that  is, 
■a s  percent  canopy  closure  increases,  mean  spectral  response 
'i-ci.easec;  (s)  ine  spectral  reflectance  of  low  moisture 
roils  and  Vegetation  was  greater  than  that  or  turgid  vegeta¬ 
tion;  (a)  Ills  land  5  po»StLseo  the  highest  correlation  coef- 
ncir.nt;  (-,)  .A  bands  1,  5  and  7  (not  available  m  ,iiS  data) 

wet -t:  1.  _-st  suited  for  assessing  percent  canopy  closure  rrom 
sfectrai  rasp  3 ns:;  an  i  (5)  Ihe  accuracy  of  predictions  frerc 
tin  regc.-ssicn  ho.k1  increasec  when  the  spectral  contrast 
1  „  tween  t  in  forest  Vegetation  and  its  baciiqrouiid  were  great¬ 
s'  (  *  at  g  id  vt  jet  at.  ion  against  a  tare  soil/se-nesced  grass 

i  i  C  K  '  j  i  O  hi  I,  )  • 

tJL-.t  la  Uni  Cor.  gait,  on  evaluated  t  ne  a  P  j>i  ica  t  10;.  Ol 
....  — !nt  IX  data  1  or  use  in  wild  lire  r.  obit  a  t  jvaluut  ion.  **  e 


*  *  I  u::  •  tta,  i.  J.  and  con  g -a  It  on,  7.7.  et  il.  "  Jsing  ;•*  lotti/ 
abused  Lata  to  Maj  Veq-tatlVi  CO  Vet  tOL  .1  Jilt  at.  Sn  i  U:  - 
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project  was  to  analyse  *  he  cor  rt  lat  ion  between  th«  percent 
roreot  canopy  closure  and  simulated  Hematic  Mapper  data  ac- 
^ ui * «  i  in  Jeptemcer  188 1  trow  a  scanner  mounted  on  a  ccnvcn- 
tuMi  ac  i  id  1  plat  tor®.  regression  models  wore  developed 
rtjji  tiu  correlation  resuits  to  create  predictive  maps  of 
perc_-i.t  canopy  closure.  The  closure  categories  chosen  ror 
the  project  correspond  to  those  ot  the  Vegetation  classifi- 
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b  1  £  and  near  in  trait-  d  wavelengths.  Upland  igr  ic  uiture, 
water,  and  urian/rart  soil  classes,  however,  were  easily 
separated  ana  classified.  This  project  recoJiidUtU  tne  ac¬ 
quisition  of  LANLl'H'l  IM  data  in  tie  spring  or  tali  months  in 
southeastern  03  environments  if  the  data  art  to  be  used  for 
wetland  mapping. 

Fichardson  completed  a  wetland  classiticati on  of  Cape 
boa,  .lAoSdChusetts  using  LANCIA!  irt  data  acquire!  on  Decem- 
cer  d,  1  lJ  8  b  .  4  0  Thirty  one  spectral  signatures  were  identi¬ 
fied  using  an  unsupervised  clustering  dlqoritnm  and  maximum 
liK.--i  lhood  classification.  Land  cover  categories  mapped  in¬ 
cluded  water  (clear,  turbid,  tidal  flat,  shoreline);  wet¬ 
lands  (saltwater,  rtackish  water,  frcsh  water)  ;  developed 
upland  (urban,  suburban,  reach);  and  natural  upland  (soft¬ 
woods,  ;.ard woods,  mixed,  open,  agricultural,  bare  soil), 
specific  features  identified  in  the  scene  included  doexs, 
parking  lets,  piers,  power  plant  cooling  towers,  and  grassy 
medians  separating  highways. 

but  aid  analyzed  the  potential  ror  obtaining  forest  canopy 
closur-;  percentages  from  LAN  bo  Ad  Id  simulated  data  in  the 
aii,  judi,  National  forest,  colcraao.4  »  Ihe  objective  or  the 


40  i  iCi.ar  dson  ,  K.  "Wetlands  ClaSsi  ficdtion  using  L ANL3 Ai  Id 
od  1 1  ijnsuper  vised  ^.i.issi  t  icat  ion  Approach"  ,  it  id. 

p  p .  1  s- lio. 

41  d  -  .  "  A  eoi  relation  «nuJ  ysis  ot  Percent  canopy 

_i  ;.;urt  versus  .ds  spectral  fi  .-|ois<-  for  3e-l  acted  b  a  rest 
jit-.r  in  bun  .Juan  Sat  ionai  roust,  dolor  u  do",  NASA  I  •.  cn- 
r  l c a  1  report  dt. 

uarth  i.e  sources  Lie;  '<  A  a  A ,  Nov  8  j. 
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terns  and  increasing  tiu  contrast  between  highly  reiiective 
areas  (man-made  str uctur es/features)  ana  areas  ot  lower  re- 
tlsctanct  (vegetated  ana  residential  areas). 

I  he  roilowinq  land  cover  prcgects  are  representative  ol 
academic,  qo v er nmen t al ,  and  private  sector  research  involv¬ 
ing  ti;t  application  of  LANDSAI  iISS  and  IM  uata  and  are  di¬ 
rectly  applicable  to  the  1TAEB  factors  or  vegetation,  sur- 
lac-c  matt-rials,  drarnaqe,  transportation,  and  urban  areas. 

2.2.1  Vegetation 

dense n  evaluated  the  potential  of  LANESAT  Id  uata  fer 
provxdirq  information  concerning  the  distribution  ana  condi¬ 
tions  oi  South  tarolina  inland  wetlands  in  the  Savannan  liv¬ 
er  .  a  t  tcsiiea.  3  9  Ihe  five  wetlanu  classes  evaluated  included 
P-rrsistent  emergent  marsh,  nonpersistent  emergent  marsh, 
mixed  a-.ciduous  bottomland  forest,  scrub/snrub,  and  mixed 
deciduous  swamp  forest,  ether  classes  evaluated  incluaed  up- 
iana  agriculture,  water,  and  urfan/bare  soil. 

1  he  Id  image  ustu  Lor  the  analysis  was  acquired  on  August 
2b,  1  ti2,  late  in  the  growing  season.  As  a  result,  only  Til 
r  mas  a  anu  5  proviot-d  signrticant  information  to  separate 
tiit  w.-tiano  classes  aue  to  similarities  in  spectiai  reflec¬ 
tance  levels  or  the  various  v«.  g-.-tation  classes  in  the  visi- 


,9  denser. ,  J.  i..  "duit  l.spectral  ; emote  sensing  of  Inl  ine  *a- 
iai.ii  in  South  f.itoi  i  n.i :  otl  cling  the-  Appropriate  .ji.-r.- 
so :M,  Ci oce  c cinqs,  1  Jt  i  In:  iinutioi  ll  Symposium  on  la-  -j 

cam-.  r'LOcessing  ol  .  riot.  -  j.  /  u-ii;'m!  data,  we.it  lariye-tt.; 

.uraue  j-t  search  r  iiu.it  ion  ,  I  b  ►>  h  ,  )  p.  1  •*  m-  1  h  2  . 
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(••ittr,  soybeans,  tice,  ralloK/Ldirtu,  hardwood  ior^st)  , 

Ihe  peelioot  Lax t  study  area  contained  five  rorest  and 
wetland  land  cover  classes  (cypress,  mixed  naruwoou,  willow/ 
cypress,  trush,  floating  acquatics)  which  were  classified 
usni  j  Irt  lands  2, 3, 4, 5,  and  7  at  an  overall  accuracy  of 
95.  at  percent. 

ihe  Uhj.cn  city,  in  study  area  consisted  of  six  Level  1 
ana  urlan,  rorest,  and  agricultural  classes  (road  ar.d  in¬ 
ert  materials,  comm^rcial/industr ial  development,  tran- 
sitional/qrasslanu  areas,  forest  land,  and  aqricultural/dare 
soil).  Due  to  dirficulties  in  delineating  qround  truth  po- 
lyqons  ror  the  transitional/qr assiand  and  roau/inert  class¬ 
es,  these  cateqories  wde  coiutined  with  the  other  four 
classes.  Ihe  overall  classi f ication  accuracy  ot  the  final 
tour  class  land  cover  map  was  69.9  percent. 

Principal  component  analysis  (PCA)  was  also  evaluated  as 
n.  i m a  -j  t  enhancement  technique  for  TM  data.  PCA  is  a  sta¬ 
tistical  technique  wnicn  decomposes  the  total  variation  ot  a 
multivariate  data  set  into  linearly  independent  components 
or  decreasing  magnitude  (1st,  2d  ...  nth  principal  component 
eased  on,  in  this  cdS  it  t  he  numiei  of  LANL'CAI  spectral  rands 
used  m  the  analysis) . results  inuicated  that  PCA  enhance¬ 
ment  in, proved  the  visual  interpretation  oi  the  digital  iro- 
urd  y  ,  permitting  loent  if  ic  it  icn  or  structures  inu  read  pat- 


1  B  i  iui-  ,r.  l.  "rnr.cipdi  ^oaipor  eu  t  Analysis  as  a  1  ic  1  ror 

in + or p rett inq  NULL  Atrial  i«au  iome  tr  ic  Survey  Data  ",  Jour¬ 
nal  ci  ecology.  lire,  V  c  o ,  pp. 57-fc  7. 


I  h  e  launch  of  LIND  S  A I  4,  on  July  lb,  19  8  2 


with  it  hi 


riiMinatic  Mapper  scanning  radicmejter ,  permitted  the  acquisi¬ 
tion  of  ftultisptctral  digital  imagery  at  a  rar  greater  spa¬ 
tial,  spectral,  temporal,  and  radiometric  resolution  tnan 
any  or  its  predecessors.  LANL5AI  5,  launched  on  {larch  1, 
1984,  completed  the  second  generation  of  earth  orbiting  ob¬ 
servation  sattllites  and  propelled  the  LANDSAi  system  from 
the  experimental  to  the  operational  phase. 

iiit  preliminary  evaluation  of  LANLSA'i  4  iil  data,  in  No¬ 
vember  1982,  indicated  a  significant  improvement  in  the 
ciassir ication  accuracy  of  the  land  cover  categories  evalu¬ 
ated  using  computer-assisted  processing  techniques. 3 7  Ihe 
evaluation  study  consisted  of  an  analysis  of  LaNDSA'I  4  Itf 
data  using  digital  enhancement  and  classitication  techniques 
tor 


tnree  study  axeas  (Poinsett  County,  Arkansas;  Reelfoot  Lake, 
Tennessee;  and  Union  city ,  Tennessee)  representing  typical 
agricultural,  forest,  wetland,  anu  urlin  land  cover  classes 
m  the  southern  United  States. 

k  comparison  between  Id  u  a  t  a  and  MSS  a  a  t  a  tor  the  Arkan¬ 
sas  study  area  resulted  in  a  srgni t lcantly  tetter  overall 
ciassir ication  accuracy  (Id  bands  2,4,5  -  9  7.0o  a  ;  MJa  oa  mis 
2,4  -  80.91'*)  tor  five  land  cover  clisaes  in  tne  study  area 


37  c  uattochi,  L.  A .  et  ai.«"An  Initial  Analysis  of  LANDSAI  4  Id 
rata  tor  the  Cl assi tication  at  Agr icu it u ra  1 ,  lorested. 
Wetland,  and  Urban  Land  Covers" ,  NASA  Feport  No.215,NSiL 
station, Ms:  NASA,  No  V  1982. 


Numerous  mult ^-disciplinary  application  projects,  durinq 
tue  past. decade,  clearly  demonstrated  the  potential  ot 
LANDSAi  1-3  MSS  data  to  provide  up-to-data  land  cover  infor¬ 
mation  rcr  resource  managers  and  planners.  One  example  or 
tne  application  of  computer-assisted  1AND3AT  MSS  digital  im¬ 
age  processing  is  tne  New  Jersey  land  cover  mapping 
project.36 

iho  NJ  Division  ot  state  and  t.egional  Planning  initiated 
a  project  to  map  and  inventory  the  land  cover  or  the  state 
using  Li-.NCSAI  MSS  diqitai  data  acquired  in  197b.  ine  purpose 
ot  the  project  was  to  provide  inexpensive,  accurate,  up- to- 
d at--  land  cover  information  for  the  preparation  of  a  state 
#.it;r  quality  management  plan.  The  resulting  1:24, OJd  scale 
1  aii u  cover  maps  depicted  eight.  Level  1  land  cover  classes 
which  included  rorest,  pasture/vacant,  cropland,  nigh  densi¬ 
ty  urtun,  low  density  urban,  tar  r  en/extr  active,  wetlands, 
ana  surface  watt  r. 

lie  Bureau's  project  evaluation  study  indicated  that  the 
computer  assisted  digital  processing  techniques  used  tor 
preparing  the  land  cover  maps  were  approximately  one  third 
th;  coi.  cr  alt  err.  ative  mapping  techniques  (conventional 
ae-riui  imagery  acquisition,  interpretation,  and  map  produc¬ 
tion)  and  attained  a  93  percent  accuracy,  even  with  the  1.4 
ic r  r  esclut  ion  of  tne  MSS  scanner. 


36  ousted,  J.  and  Mills,..  Maf.s  tppro  or  lit  Irenton:  Bureau 
at  egioriii.  Planning,  Jar.  la  7b. 


partied  Id  i  land  cover  type.  because  oi  the  spatial  resolu- 
t ion  or  ti.c  1.1  seamier  (3oxjG  mcttis)  ,  the  integer  value  f cl 
each  pixel  re  pit  h*_  uts  t  i.e*  average  spectral  reflectance  and/ 
or  c-at  utdLCe  troui  vc-  jet  a  t  i  or. ,  soil  and  rock  materials,  shad¬ 
ows,  atij  a  an- a.  a  do  r-.atureu,  present  within  the  IrCV  o£  the 
aUiiiiei,  liie  set  or  DN  values  representing  a  specitic  cover 
type-  or  surface  reaturc.  is  a  quantitative,  but  relative  set 
cr  nit-  is  ur  cments  coi  r  espond  inq  to  a  particular  set  oi  MSS 
data. 

ih>:  term  'lira  cover*  is  at  lined  as 

ttit  ve  get  at  iona  1  and  artiiicial  construction  cov¬ 
ering  the  la no  surface.34 

A  no  tii  e  r  term,  which  is  interrelated  and  often  interchanged 

with  land  cover,  is  'land  use*.  Land  use  is  defined  as 

uiai.'s  activities  on  land  which  are  directly  relat¬ 
ed  to  the  land.35 

Ihc  majority  or  L  A  i»  D  J  A 1  data  application  projects  yitld  in- 
rormatior.  pertaining  to  land  covd  rather  than  lanu  use. 
demote  sensors  record  cnar act tr ist ics  oi  the  land's  natural 
am  artiiicial  cover  rather  than  activity  or  use.  Land  use, 
in  turn,  is  interpretted  ir c it.  patterns,  tones,  textures, 
shapes,  associations,  and  spectral  signatures  commonly  asso¬ 
ciate  1  with  a  particular  land  cover  type. 


bur  i  -  y  ,  T  -  il.  "Lanu  Use 
d  e  c  q  r  a  p  h  e  r  . 


>r  r ar. a  lit  u  izuio 
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2-2.2  Surrace  Materials 

iti  evaluate  si  the  application  or  digital  image  enhancement 
process  in q  or  Lanas at  ft 5 5  data  ror  terrain  evaluation  in 
jailing,  sihina.4*  A  subset  from  a  oeptember  lu,  1  Wd  LAUDS  AT 
did  lci  i-jc,  encompassing  250  square  kilometers  or  southern 
du.iinou  County  or  Fseiginq,  china,  was  digitally  cnhdricto  ana 
visually  interpreted  to  map  lana  systems  and  lana  tucets  at 
a  scale  of  1:100,000.  Table  10  lists  the  qeomor pnoloq ical 
classification  system  used  in  this  mapping  pro-ject.45 

Dwivedi  evaiuateu  the  application  of  digital  enhancement 
techniques  to  LANDSAT  MSS  data  for  recnnaissance  soil  map¬ 
ping,  usinq  a  monoscopic  interpretation  approach  in  the 
A.iiaiitapur  district,  Andnra  Pradesh,  India.46  This  study  dem- 
jii;p  i  iteii  the  utility  of  applying  image  ennancem-  nt  tecii- 


44  hi,  s.X.  "«f  plication  oi  digital  image  Enhancement  i  io- 
cvssmq  or  LANDS AT  Oita  ror  Terrain  Mappin  or  m  i  gi nq 
(Fen  ing)  ,  China,"  Proceedings  ilda  ,-lachine  Processing  ot 
Femotely  Sensed  data  Symposiuui,  West  Lafayette:  Purdue 
1  e.-edi  ch  Foundation,  1 9b4 ,  pp.  103-116. 

4 b  in  iu .  p.  114. 

40  „  w  l  v  o  a  i ,  F. .  o.  "Utility  or  join.;  iiw.it  I  n  i.  i  nc<  m  .. t  iecii- 

n  i  a  a  s  I  Oi.  e c o i .  i .  a  i  s  t  n  e *.  .> c  i  1  ft  a  p  p  i  a g  —  ■<  e  a ^  ^  . .  t  u a  v  .  i.  o  u 

jr.i.i.i.1,  India",  ilia.  t  p.  _ti.-2/4. 
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or  the  image.  In  particular,  the  5:2  ratio  permitted  the 
idontiiicdtion  of  areas  with  hiqh  ferric  iron  content  and 
Vegetation.  The  5:7  ratio  improved  the  identification  or 
nydroxal  tearing  minerals  and  ether  surface  materials  con¬ 
taining  free  water  (clays,  hydrated  salts,  and  vegetation). 

goffer  identified  five  factors  affecting  the  afcsor ptanct- 
and  reflectance  characteristics  of  soil,  which,  together 
w it L  tne  improved  spat iai  and  spectral  resolution  of  id 
data,  may  permit  tne  mapping  of  surface  materials  at  the 
level  of  detail  needed  tor  the  ll!U)B.4fl  These  tactors  in¬ 
clude:  (1)  Moisture  Content  -  as  soil  moisture  content  in¬ 

creases,  spectral  itflectar.ee  decreases;  (2)  Soil  Particle 
S i t  -  li,  the  soil  particle  size  decreases,  spectral  reflec¬ 
ts;  c-  increases;  (o)  Organic  Content  -  as  the  percentage  of 
o:  ;  .u.  i  c  materials  increases,  spectral  reflectance  decreases; 
(-.)  „jLtect  ••.eugrntss  -  as  the  roughness  or  the  soil  surface 
i  •  .  .  i.---  .J#  optctidx  reflectance  decreases;  and  (5)  Iron  cx- 
-  is  ti.e  amount,  of  iron  oxide  increases,  spec- 
:  a.i!.c«  dec  Leases.  &-idit  ionally,  the  spectral  re- 

r  .  i  i.  u  n;tci  i.itic  of  ary  soils  is,  generally,  ci»e  of 

..  . . .  i :  ;  j  •  n  l  .n  reflect,  met  with  increasing  wavelength, 

*  .  i.  .  i  ».  y  ii:  *"  h  visible  ar.u  near  infrared  portion  or  the 

t  '  l  >  u  i  , ;  *  f  1  k  i  o  \  *  c  C  t.  IT  J  iit  , 


i,  .  io-Pl.  vs  ic  <)i  conoid..  la  tiro  in  Applying  oom- 

i  at  ;  -  i,i  ;  .ii.  ii,'..,i;,  I  echiiiq  a  «...•»  to  remote  3  ensor  Data," 

..  i  v  i .  ,  ,«.■!.  i  r.  i  *  i  1 1 1 ,  l  .  W  .  h  *_  m  o  t~  c  s_t  n  s_i_n g  lllii  o. ,ug_n.tg.  tg  — 

dixiupdl*  ■»  Y:  accraw-d  ii  i  ire,  1975,  Cnupr.tr  5, 

,1.  .  .  >  ”  Z-  /. 


2.2.3  Surface  Drainage 


Lauer  reported  that  tne  improved  spatial  resolution  of  l;t 
data  aided  in  the  location  of  roads,  small  pongs,  and  ether 
smaller  surface  features  not  previously  id ent it lacle  on  MSS 
lata. I M  hands  5  and  7  were  also  identified  as  a  new  in- 
tor  a..*  tier.  source  for  the  identification  of  water  resources, 

■  etxai.u  vegetation  and  other  terrain  features. 

Range  evaluated  the  application  of  LANDSAi'  tiSS  data  for 
or  t air. mg  surface  drainage  network  information  or.  a  number 
or  watersheds  in  the  (Jo.50  Iheir  comparison  of  LANDS  A I  de- 
av.ii  data  with  that  from  topographic  maps  indicated  that 
witcCrneu  area,  shape,  and  cnannel  sinuosity  estimates  from 
La:,  is  rt  1:  Ion,  GOD  scale  images  were  com  para  hie  to  data  ob- 
taii.<«i  i  .e«;  l:c2,50e>  scale  topographic  maps,  for  well  dis- 
.■',',ct*  i,  moderately  vegetated  terrain.  Flat  or  heavily  fer- 
esttu  t  a  rail,  results  were  comparable  to  1  :250,000  scale 

lil  (ii  f-/  .  ■» 

at  her  water  resource  application  of  LANDSAi.  lit  and  it  SO 
data  include: **  (1)  determination  of  water  boundaries  and 

surface  water  area  and  volume;  (2)  mapping  of  rloods  and 


49  Lauer,  C.I.  Ouarterly  Report:  LnNDSAT  4  Invest igation 
of  I  y  f,  its  £  Applications.  Sioux  Fails:  sros  Data  Center 
e  u  Oal  ri j - 

'3°  Saimenson,  V.V.  et.ul.  "Water  icsources  Assessment,"  Man¬ 
ual  of  Remote  Sensing  Second  Eu.,  Falls  Church:  ASF, 
Vol.ir,  Chapter  2‘t,  pp.  15a >3 . 

,J  1  Freden,  o.c.  "Survey  of  Landsat  Frogram,"  Short,  N.  n. 

.1  r s s i c n  to  earth:  Landsat  Vje_ws  the  World.  Washington, 
OC  NASA.  1  S  76  . 


( 


50 

flood  plains;  (3)  areal  extent  ol  snow  and  snow  boundaries; 
(4)  identification  and  mensuration  ol  glacial  features;  [5) 
identification  of  sediment  and  tuifciaity  patterns;  'fc)  de- 
tur jir.aticn  or  water  deptn;  ( 7 )  delineation  of  irrigated 
rieius;  and  (d)  inventory  of  lakes. 

2-2.4  Transportation  and  Urban  Areas 

wan j  evaluated  the  appiication  of  a  multichannel  i.ier- 
a  r  c  ».i  i  c  a  1  clustering  algorithm  to  LAN13A1  Id  data  ror  deriv¬ 
ing  detailed  land  us^/land  cover  classification  maps  of  het- 
erogaiieous  metropolitan  areas-52  Six  bands  (1-5  ana  7)  from 
hi  October  2d,  1482  Id  image,  encompassing  the  Mobile,  Ala- 
Lama  metropolitan  ar^a,  were  analyzed  and  the  following  land 
use/cover  classes  were  identified:  various  forested  land 
cover  types;  old  and  new  residential  single-family  dwellings 
in  various  densities ;  apartment  complexes,  commercial  and 
industrial  areas;  golf  courses;  transportation  networks 
paved  with  asphalt  ana  concrete;  grass  ana  water  in  various 
conditions;  bare  qrouna;  and  special  features  Ji.e.  a  coal 
pile  located  along  Mobile  bay). 

welcn  reported  that  the  30  meter  spatial  resolution  or 
LaMmAl  4  f.  ino  IMs  data,  permitted  the  visual  interpretation 
oi  4.1  level  il  and  ill  IJSdS  land  use/covor  classes  in  Ath- 
»  n-  ,  i.oiqia,  with  classification  acccurac  ies  ot  7t»-«e  per- 


wing,  2.C.  "Analysis  thesis  ror  i  lu.-n.it  r  c  sa,jpti  a,  ita  or 
dr  :i*n  fceg  ions,"  Proceedings  loth  a  i.ter  nat  l  oi.a  i  3y  m  pcsi  urn  , 
.Macnine  Processing  or  .itaiotely  3er.se a  oata.  west  I  atay- 
d  os  i  urdut  Research  Foundation,  V<-54.  pp-  1 34-1 4o- 


cent.bJ  ^.Ciiipu  ter-assisteu  clat^i  ncatior.  accuracies,  how¬ 
ever,  were  approximately  50  percent  for  level  11  classes  in 
groan  and  urtan/ruial  fnnqt  areas. 

Ihc  fcllowinq  uruaa  area  lana  cover  classes  are  identi- 
tieu  in  current  Os  Army  rield  manuals  as  important  urfar. 
terrain  factors,  rut  are  not  included  in  the  IIAlli  surrace 
material  and  transportation  factors.  Gtne-rai  urran  classes 
incluie:^*  small  villages  (populations  <=1,0J0)  ;  strip  areas 
( interconnect  inq  villages  and  towns  along  roads  and  val¬ 
leys)  ;  tcwns/smail  cities  (populations  >  1,000  Put  <=100, 000 
iiia  not  part  of  a  major  urfan  complex)  ;  and  large  cities 
(populations  >  100,000  and  witn  an  associated  urnan  sprawl  > 
1  o u  square  miles). 

Detailed  urnan  classes  included:  road  ana  street  pat¬ 
terns  (acute-  corners,  intersections,  dead  ends,  narrow 
str  e  -its,  Louievards)  ;  open  auae  (parks,  parxing  lots,  play- 
jrouinio,  cemeteries,  large  roof  tops)  ;  central  easiness  dis¬ 
tricts  (higti  rise  construct  ion.  Sc  «ers,  surw.iys)  ;  and  utili¬ 
ty  line  corridors  (pipelines,  power  lines). 


h  3  welch,  r .  Comparative  Assessaci:  t  oi  Landsat  D  Mod  b  1 M 

Data  Quality  tor  Mapping  Applications  in  the  Joutheast  15 
Del  bo- 15  JOL  84.  Athens:  University  or  Georgia, 
o  J:Jhb4. 

iiiji  Idik  did  di^jjdUir Aiiditli  idftai_ion  idsji  rorct  . 
Army  field  Manual  7 1-2  JAG  dr;  11  71-1/1  hAI  t 2 ;  71-1  JUN 
7  7.  w  asii  i  r.  gton  ,  L  c  :  UG  Govern  ment  Print  inq  or  r  ice ,  pp. 

5- 1 -  5 - j 1 ;  pp  iv- o-26 ;  pp  G-1-G-7. 
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I  lit  sc.  relatively  recent  application  projects  indicate 
tii at  most,  it  not  all,  of  the  Vegetation,  Surnce  Mater  .i- 
al, jarract  Drainage,  ana  1 r ur.spor t at ic n  factors  of  the  TTADB 
ale  ott.lir.dlle  using  LANDSAI  Ifi  data  and  computer-assisted 
image  processing  techniques, 

2.3  PEOECSED  TIACB  CLASSIFICATION  SYSTEM  FOE  USE  WITH 
LANESAT  TM  DATA 

Ike  following  lanu  cover  c  lassi  f  ica  tion  system  is  pro¬ 
posed  icr  tne  acquisition  or  vegetation,  surface  material, 
surtaca  drainage,  and  transport  atior./url.an  factors  or  the 
TltiLii  usinq  LANESal  Til  digital  imagery  (see  ladle  11). 
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cussed.  This  jyjtfiD  also  possesses  the-  throe  ma  ]or  at  tr i- 
i  at  co  j;  the  regional  classification  process  identified  by 
GnHq  •r.icn  include: 5b  (1)  class  names  art.  (b:ivta  rroit  ac¬ 
cepted  terminology  i  rota  tot  l.  tun  USAS ’s  classiricdtion  sys- 
t«ai  mi  d  x  t\  •  s  Ilr.Di:  classification  system;  (2)  the  classiti- 
c  »t  ion  system  _nai  les  information  to  re  transmit  tea;  ana  (5) 
rt  p-raii.es  inductive  generalizations  to  be  made  trom  one 
uvtl  or  detail  to  anotner  within  the  Hierarchical  system. 

2.4  DIGITAL  IMAGE  PROCESSING  MEIjjCDCLQGY 

Digital  image  procassinq  involves  the  application  ot  com¬ 
puter-assisted  analysis  techniques  lor  the  display,  enhance¬ 
ment  #  and  classification  of  an  array  or  values  acquired  by  a 
digital  scanner.  in  the  case  of  LANDSAI  diqital  imagery, 
the  array  ot  values  represents  the  average  spectral  rerlec- 
t.iricc  (and  emittance)  ot  various  land  cover  classes,  record¬ 
ed  within  the  instantaneous  field  of  view  (3d  x  30  meters 
tor  t  n-s  I  he  mafic  Mapper)  of  tre  satellite  scanning  radiome¬ 
ter.  Each  aJO  square  meter  picture  element  (pixel)  scanned 
by  the  satellite's  remote  sensor  is  assigned  6  uiqitai  num- 
r  t:  r  s  (Das)  representing  the  average  spjectrai  reflectance  tor 
icn  or  t-  tanas  ( T  M  binds  1-3  and  7),  or  segments  ot  the 
electromagnet  xc  sp«.  ctrum.  A  full  1  AhDiA'l  iM  scene  contains 
s  1 ,  f  .  c  ,  1  b  d  pixel  >  per  oand ,  re- present  in  j  an  •••normous  data 


'•  b  ar*-;  i ,  j.  "In.  regie  ot  regional  Systems",  itjiuir  ci  xiis 
m joci  j_t  ion  o_t  American  egr  a;  h-rs.  Vo i.l  >,  No.  j,  1  mo, 


ai.rdy  iron  wi.ich  Ijm:  cover  inf  or  si  at  icu  is  dirivc-o.  I  he 
display,  tin  caret  sent,  and  cldisincation  or  Id  a  a  cover  cat- 
eq Ji'L.s  iroa  nulti-iana  or  cuitispfcCtr.il  Jiqitu  imagery  is 
a  tfcdious  at u  time  consua  ir.q  process  which  is  readily  aaap- 
tatii  tc  repetitive,  quantitative  computer  manipulation  ana 
ah  i  lysis. 

if. e:  idviiitaqc  or  wcuine  processing  techniques  over  manu 
id  ii.  t  r  p  r  1 1  a  t  i  on  in  elude:  57  cost  o  r  lect  iveness  'less  money 
and  time);  consistent,  quantitative  results;  tits  simultane¬ 
ous  interpretation  or  multi-hand,  multi- dimensional  situ; 
rapia  data  management,  display,  processing,  and  analyses 
pro vidinq  input  to  real  time  management  and  policy  making 
JiCiaUits ;  ana  the  otrect  ive  processing  of  rug-.-  volumes  ct 

1  a  t  1  . 

uio.uiVdiitdqcS  of  compu ter-assisttu  processing  involve  th 
ttign  initial  start-up  costs  tor  hardware,  sottware,  and  di- 
Ut  til  imagery.  however,  depending  upon  the  scale  or  a 
usii'i  sptciric  orogect,  titsc  costs  may  lit  comparable  to 
tnor--  iosocia tea  wit n  conventional  data  acquisition  (air 
pnoto  minions)  mu  analysis  techniques.  Other  disadvintag 
.s  li.cluufc  costs  associated  witn  formatting  thu  aata  101 
compatii  liity  with  specific  hardware  and  software  systems; 
pr- q-i  JCi.utn.q  techn  i  j  a  us  to  correct  g<  om-^t  ric  um/oi  r  luiom 


j.  c*  o  o  .  j . 1 ' 1  u  t  L  q_.  a  ^  u  .0)0  r  .  j  .  id  *  It,  l. 

.old  me  opiCfc  f  1  iqnt  Center,  .lur  i  9  m,  pp.o. 

_ m  p  t «.  1  r  ,  d  .  r  •  lid.  a  1 1  ■  i .  w.ioi.rnqTjn,  c  ;  n  f 
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etrio  eU'ci'.-;;  inflexible  image  processing  sort»«  ar  e  ^ysttrs 
v.uich  aay  not  readily  meet  specific  user  requirements;  ana 
quality  or  j c c  J i  d c  y  a  s  s  e  s  s  ni  cdi  t  t  e  c  n  r  1  q  u  e  s  i*  h  1  c n  arc  net 
readily  understood  by  users  or  the  land  cover  iRtormation. 

inert  are  essentially  t»o  tasks  involved  in  the  digital 
Ira  |c  processing  or  muiti-spectc al  data  -  uata  analysis  and 
oat  i  ciassi  r  icatior..  Data  analysis  procedures  include  pre- 
o^oceosii.q,  rear  un  extract  ion,  and  image  enhancement. 5fl 

preprocessing  involves  t  he  preparation  of  t  he  digit  il 
Jut  \  ter  subsequent  analysis  fcy  correcting  systematic  error 
induced  curing  data  acquisition.  This  involves  correction 
ro.  errors  in  image  quality  (cue  to  atmospheric  absorption 
ana/or  _-c  at  t  e r  11  g ,  ana  detects  in  sensor  cal  it  rat ion  cr  op- 
ration),  and  image  geometry  (geographic  t  elation  snip:?  t  r- 
tw-  i.  image  r-.atur.s  and  ground  features)  .  Preprocessing 
also  includes  je  ou.  e  trie  tr  arsLor mat  ior.  which  permits  tne 
Clang  in  j  or  image  scale  and  projection  to  approximate  the 
tr  i  yosition  Jt  picture  elements  cn  tuc.  earth's  sun  act. 

i-uii.  a  .<  tract  ion  procedures  r  educe  1 1>  e  d i me ns ion a  Lity 
■  >i  tne  data  to  a  minimal  set  of.  useful  information  wituout 
l  us  in  ;  arsdiil  data.  Ideally,  ieaturt  extraction  eliau- 
*»  it  ......  •»"  ana  varidtlos  containing  little  »  laitior.  al  in 

r  or  ...a  *  ior. .  nunpi-s  ji  ieaturt  extraction  include  data  sub 
• :  1  . .  (r..e  i  - :  t  lands  tOi.  a  specific  purpose),  iai.a  ratioing 

ill  1  f"  L  i  1 1  C  i  fj  ti  L  C  O  lit  |  f  J  F.  r:  1 1  c  si 


a  n  a  1  y  s  1  s 


I  n.  j  j  t  u.i,ai;:>!Rt;.t  tcchrdquts  liu  [.:ovt  thi  visual 

i  iit.  h.  1  f't  t  3t  1  JI.  OI  o  p  d  1 1  d  1  d  1 S  1 1'  ILUt  1CI:3  G  i-  .  J  p. .  d  1 1  d  I.  t 1  cl  t  U  oh 

ii  lit  Ji  hj  idiy.  i_xa5iplo3  ci  laiaqe  on hanceaitvi.  l  techniques 
li.ci  idt.  idticu.q,  tiiteshoicinj  or  uei.sity  slicit.q,  to.;-,  ti.- 
ii  di.Go ,  a r d  contrast,  atrttcninq. 

t.  i;c.' jtic  cl  -1C.-JL  i  ica  «•  ior.  o  t  itmti-fp-cu  al  data  u;  t  a« 

>'.  dOdi  pi.  1 ;  d  i  y  pyipddj  O  t  CO.ii  I  dtt.  i  *d33  L.:it  Cd  p  i  O  C  t  3  d  1  id  q  G  I 
I  1  j  .  J  1  1. :  .  j  C  ..  y  .  t  a  U  .3  .  i  lUtlit  iii..  U  Z  o  U  IT  k  i  y  t.  G  i  id  S  W  1. 1  C  i ;  'l  IT . 

Vi'dl  t  j  t  u  unuc:  . ■  t.iiid  in.)  cr  cjiputer-assiitca  t nematic 

l  n.  .  .  I  ICd  t  id  .  j  p  f  ■  P  G  J  C  i  1  •  ‘  S  .  ^  ^ 

...  Ji  V  1  »>  4  i.  dlnti*.'!!-  iC.HICh  -  a  EUlti-CpoCtrdl  ciiOSitiCA- 

ii  jjiiti.ii,  ti.roa.ji.  widen  t  i.t  n-a  i  wons  lor.al  sprcUdl  n-- 
.  1  ■' t-tt  i ii  {  ii  >.ct:ui  j  i.,i; dtute)  ot  a  picture  cierrer.t 
It  iA  a  )  i  .j.toi.jnvu  to  i  ldi  u  cover  cla  is  oast  a  on  a  d-rci- 
-  i  r u i. i  »;.tt  tnc  ciaa.ieo  cl  interest  have  led:  d-lint-d 

i.  •»  5  i  on  t .  pi  cO-nt  .it  j  v  .  trail,  in. j  ra.5pl.-3  ot  Known  cuaructei:- 
lo.io.  (di.jj.tdi  nuid  n-ru  or  L  N  *  -> )  .  Ii:..  ilqoritnm  to  <_soer.- 

tr.1j.1y  "  1 1  a ..  in.  .1"  t ,)  cm-.j  1  r  y  p  lA-.-ir  accord  iu.|  to  tiia  optc- 


tin  .;  1 

jf* 

It  a  t 

(i  ioOCldtt;'] 

w  it  i. 

rpeci tic 

land  coVt.i  types 

:  •  .  0  i 

r  t 

1  i:  y 

i  L  k.  11=  v )  t  -.-i  .•  •;  e  r 

i  I.  J 

a  r.  a  1  y  c  t  „ 

i 

L  1 

.  i  Id. 

r  <,  i-  \  ~ 1  i  x  j 

lie:. 

-  a  r.i  u  1 1 

1  -  a  u  e  c  t  r  1 1  rl.Uej  r 

i- 

e  .  t  l  0 : . 

1  X 

1  0 1  1 1 

1:  i’  t  « 1 1  j  '  i  -.j  1.  * 

I.  icn 

tie  p-ii  i 

ir ... : i bior  a  1  0 p c c  t  r -j  1 

.  l  1  '.a  t  u 

01  1 

l  IX  i  i C  a 

u  j  ...  1 

til  d  1  1..  ■ 

■  i  OIi  a  '1  r'ClclCI.  L  <1 

lr 

■..it*  1 1 . 

:  i 

y  <• -  ■ 

T.  r.  :  ;  \>+  ii 

Ui  1 

t  1  dl.ii  t 

1C.S  Ol  tilv  -lit  j  -ill 

tl 

.  *  1  .  -  >  -  i.  f  P  •  t*  •  *  C  ! .  1  1  C  .  —  _  -  •  t  I  1.  J  .  >  •  I  .  ...  d  i.  1;  1  -j  i  ..  .  1  J .  i_  ^  j.i.  .  j  1* 

.. .  . .  j  ..  1  .  .  j.  ......  4  ....  . .  1  .  i,  .  .  j  1  i  j  .  . .  j  -•  .!  o  L  •  .... 

>■  ii  l.jat  wO_i._i.co:  ^_nju  o  i.cn,  j  ot  1 10  ^  v  it  on  :■•- :  •  • 

»  :  •  .  t  1  .  •  -. .. ..  .v  1 1  y  ■.  1  *  :  „  I  p.  •  ~  .  e  1  • 


71 
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rang-  ;  ilia  tut  matnLiiiatic.il  transfer marion  01  uu  data  irtc 
a  J  |.;ac  Criiyue  flercator  p  ro  lection.  1  he  rorai  it  or  the  1  >i 
lata  .as  band  Sequential,  It.CO  dll  computer  cam  pa  title  ta  fv 
(wJ.)  ,  etc  la  tar.u  pet  tape  ter  a  total  oi  sevai  eel's. 

I:;  oiatf  to  analyze  ana  classiry  the  Id  data  w  it  n  t  he  Ap- 
ple  P-isonal  luiaqe  Processing  System,  additional  prtpioccss- 
iuq  steps  were  ntct-rsary,  liitsc  steps  consisted  ci  reior- 
u,attrnq  the  initial  eCi  data  set  to  a  5  1/4  ir.cn  t  loppy  disk 
toni.it  ,  compatible  with  the  Apple  il  Sei  les  microcoaipu  ter. 

In  a  reformat  ting  or  downloading  procedure  was  completed 
ty  tut  NetrasKd  3  e  root -a  Jensinq  center  (NRSC)  ,  Conservation 


ana  Cervices  Division,  Jniversity  or  Nettdsxa  at  Lincoln.  A 
7  1/Z '  nap- image  was  extracted  lor  eacu  or  ti.c  three  Pied- 
icr.t  study  areas,  ana  gao-eiiccded  to  its  respective  7  1/2' 


Jod J  topeqrapnic  map  sheet  using  nFSC's  dome  and  Cities 
Leo  uniques  tor  Local  image  Processing  Jysteai  (.iClLIPo)  .  7* 

Iuj  p?o-encoding  cdlifarat ion  procedure  accurately  registers 
the  digital  image  to  a  topeqrapnic  map  within  4  or  -  1  pixel 
a i. a  c  in  te  easily  adapted  to  cti.a  map  scales  (1:250,000, 
1:2a, o  a  u ,  1:50,000). 

j;i.  *.c  tut  Apple  .1  seiias  color  .non i tor  limitations,  tue 
L  ji  i  o  t  iua  that  cat.  it  Jinpiay  t  1  tor  analysis  ana  cltssi- 


:  ic  it  icn  is  i  iao  col  urn:.  x  1  ^  row  digital  iiu.»  g-. 


X  ileLf 


1  or  . ,  t  i.t  nt.ai  downlodua u  xt!  i  ita  ror.nat  consist.:-  ot  i  rc.c- 
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Chapter  III 


DATA  AND  STUDY  AREA  DESCRIPTION 


J. i  primary  data  description 

in-:  i  titi,n  |  uat.a  ijr  1 t.  is  land  cover  study  .tr-  :nv-.i. 
lull  C  e  li  C  L  A  1  S  A  A  u  1  1.  e  HI  u  t  1 C  ,'i  il  ft'  t  1  L  Jlllput  _L-CO  Hi  p  .1  1 1 1  i  I, 
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low  j  o  : 
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however,  tit 

N  C  V  •, 

lii  i  *--r  1  i  ^  l.  iiilu'Jtl 

IS  t  ii  t 

o  ii  1  y 

J.riT  .iVillaLic  with  1'O.i  th  it  <.  U  }■•  ICM.t  clOUu  OOVtl"!  )5,?0 

1  •  acquiart  ion  sate  comes  pot.  at;  to  the  toll  p-.noa  reccsn- 

aife  li e  <i  lli  |-If  VIOJ.i  litiU  covet  p  r  o  i  t  C  t  -S  aO  Oti  01  ttiO  lost 
i'eafcns  or  the  y^dt  tor  d  1 1  for  t-n  t  ut  in  y  land  covti  cl  a. -tree 
in  th-_  rout  iie  ,iot  ert.  U.S.  figure  1  illustrates  the  -j>'.  c  jr  aph- 
ic  location  ot  *:J  Path  It,,  ret  3b. 

.  n  -  i.  .’I  i  j  t  u  Set  was  prepioctiSed  £  y  N  c  A  n  *  s  1  o  u  q  e  o .  ;it  ra¬ 
tio K  a c  1 1 1 1  y  Jt-inq  tnt  Jcrcar.p  y.  roc*-  mmj  system.  Prepro- 
Cr  ..s  !.  |  it,  ciujr.it  <4  coiTit.t.  r  ic  error  correction  to  within  u.  b 
ti.or  pixel  ( )\i  f  •„  i  Cent  or  the  time-);  ten.  poia  1  le-jirtratior, 
t  j  »  *  tui  i.  J  •  .i-  ii)Or  pixel  (  }  t,  l  i  Ci: !.  t  o  i  tit.-  t  i hi e  )  ;  *.  loiot- 

.t  me  -Uvt  C'H  r eotion  witr.ir,  1  qua  ntuai  1-  vvL  ov>  l  the  loll 


.'.evoii,  r.V.  "Availarility  oi  -*  ,  Jit.i"  ItCi;- 

•  i  c  j  I  P«:  pel's  jJti;  ir-ctir.q  A  nit  r  ican  Societ  y  oi  mote  jra  ir- 
i.a  e  t  r  ,  .  rail  s  C  nurcli :  ASP,  1wi4,  u,  pp .  •»*  71. 
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I'ht1  atr atitied  systematic  uriaiignea  samplin  ;  technique 
will  be  used  to  locate  tut  qrcund  truth  samples  on  the  laud 
cover  maps  tor  classification  accuracy  determination,  I /,e 
resulting  Sample  combines  the  auvantaqes  at  r an  joji iz a t ion  , 
strati ricaticn,  the  useiul  aspects  01  a  systematic  sample, 
and  provides  an  accurate  untiarel  sample  sinct  t  no re  are  no 
periodicities  in  the  data  that  interact  with  the  systematic 
spacing  o  i  the  samples. b<* 


119  jdiy,t«  and  da Ktr  ,  A.  "  Jecqr  a  p  h  ic  b ~  r..p 1 1 1,  j  "  ,  jpati  a  1  ;,t.a  l- 
y sis.  NJ:  Er en t ice- lial  1  lie.  1  p.  'm. 


* 


uO 

cover  clatsi tication  ot  the  N  samples,  as  depicted  or,  the 
iai.d  cover,  map  produced  from  remote  sensor  data,  is  ctiecKed 
against  that  observed  on  the  qround,  I he  map  is  accepted  as 
accurate  ir  nc  more  than  X  ci  the  ground  truth  samples  are 
misclussi tied .  This  technique  assumes  that  the  land  cover 
ciassit ication  or  a  particular  site  as  either  correct  cr  m- 
c  o  r  r  -w  c  t . 

Inis  met  nod  is  La  sea  on  a  tranch  or  statistics  known  as 
acceptance  sampling,  a  statistical  procedure  for  deter  ir  ir.  inq 
it  idiijt  lots  or  Biui;  uiact  ui  ed  articles  (ground  truth  sam¬ 
ples)  art.  of  acceptable  quality  (correctly  classified).  Us¬ 
ing  t  iu  lir.omial  pronahility  uensity  function  (p.d„  f  . )  ,  «•  7 
jin-.vai.  calculated  and  com  [tiled  extensive  tables  or  mini  mum 
sample  tiz  .s  and  error  counts  given  typical  vaiuts  ot  the 
roar  par  a  mete  rs.  dsinq  the  Used  •  minimum  acceptullt  accura¬ 
cy  standard,  gZ  -  8  5  prre-nt;  a  target  accuracy,  gl  =  95 
ps'csit;  ai,  i  t£i*.  pi.oi:  uuiity  or  rejecting  a  map  or  hiqn  ac¬ 
curacy  or  accepting  a  i,mp  cf  low  accuracy,  a  =  0.d5;  d  - 

J. u  j,  ii  <  determined  a  minimum  sample  sire  or  N  --  95  ground 

trutn  saw  p  ieo  were  r. »  dtd.  Ir  co  more  Uan  8  ground  truth 
Su  m  p  1  •  1 1  ■.  .  i  m  *  r  -  ii,  a-.cr  isr  iii,  d  t  i,  e  land  covor  map  c  o  u  1  a  (e 

K. ciitad  a..  v  *  i  i  ,;.t  accurate,  at  t  he  0.u5  con:  ide  r.c>. 
i  ►.  v  .  1 .  <> *• 


b 7  in  11.  [  p.  1  a  74. 
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Jc  v.  .  ji  sit  ':  o|.«citxc  accuracy  assessment  techniques  uivt- 
Lv  --i.  j.;Vi  iJt't.)  tot  use  with  land  cover  maps  prepared  rrotn 
iViotc  .n  ji  idw.  lac  tcCUiique  selected  tor  use  in  this 
s  t  u ;  i  /  |j  I  o  v  i  iU  ^  aii  accuracy  a ss  e  s^iii  cii  t  of  Loth  tue  control 
poir. t  location  accuracy  and  pciyqor  cl assif icution  accura¬ 
cy  .  0  6 

inii.  t  tur.i'di:,  UeSiqned  hy  dinevan,  requires  the  speci- 
rrci’ioi.  c :  roar  parameters  :  (1)  the  tarqet  accuracy,  i  1 

(ti.  i  r  ;l  y  ti.it  a  point  is  correctly  classiried)  ;  (2) 

i  ,r :  n  r ...  a;:,  ,,cc.  pt  able  accuracy,  gq  ( j)  the  probability  or  a 
-  <.rr~r,  a  (arpha  -  the  probability  or  reiectinq  a  map 
t  ..  i  *  die  v  t;-:  or  exceeds  the  standards  rut  by  chance  the  sample 
t.  stt  i  co:t  arts  eiicuqh  errors  to  reiect  the  map)  ;  and  (4) 

1 1.  irofcariiity  or  a  Type  11  error,  B  (beta  -  the  procabili- 
*y  or  accept  in q  a  uiap  ti.at  does  not  meet  the  standards  but 
by  <-hit.ee  tiie  sample  tested  is  accurate  enouqh  to  accept  the 
map)  . 

diiievan's  method  improved  upon  previous  accuracy  assess¬ 
ment  techniques  by  dettrmininq  the  minimum  nu inner  ci  q round 
tutu  ouapies  (ii)  and  ai.  allowable  number  oi  misclassii ica- 
tiot.j  (X)  tor  sptcirrc  tarqet  and  minimum  acceptable  accura¬ 
cies  (d  1  and  L 2 )  and  confidence  limits  (a  ana  b)  .  I  he.  land 


i  icatin  system  ror  Use  with  i-  e-mote  sensor  Lata,"  UbUb 
ir<vf e. ssio.nal  P a p •. r  (ir4,  wa^ninqton,  be:  Js  Jovnn «. e t 
,  r  i n 1 1.  q  Ciiict,  1  > 7 h  ,  p  p  ,  4  . 

06  ,,r  n.  v.i  n  ,  .1.  c.  "i  e  st  inq  Lard-U.:--  di|  Accuracy:  Another 
i-uuii",  _T-no t oiii ja m_. t  r_ic  -i JJ ntdiiliri  iiii  LrJlilfc  acn^in^, 
Voi.<*o,No.  1  u ,  (X  .  7  a  ,  (.  n .  1  •  71-1  •  /  7. 
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dality  ot  tac  ioiaqt  (map  proicCtior  aro  coi.trWi  point  »ccu- 
cacy)  . 

iclygon  classif lcation  accui'dcy  rders  to  the  anility  ot 
the  map  tc  dv.curati.iy  represent  tut  ianoscape-  ny  a*- 1 r  a  1 1.  r  nq 
it  tael,  category  in  a  classi! icat  ior.  is  really  pits,  ;.t  .it 
the  points  spec  it  led  or.  the  aap.  classification  <tccJi.dc  y  1.; 
d ct tit  m  1 1. v a  uc  iaq  sitt  spec i tic  of  non-site  spociiic  tecr.- 
niqut-s.64 

Nun-Site  specnic  techniques  involve  the  matching  ot 
class  it  led  polyqons  between  a  •  sta  ini  at  J  •  aap  super  imposed  on 
tne  map  produced  lion  uaote  sensor  data.  I  he  areal  ptopor- 
tins  or  the  two  maps  that  match  are  reported  as  a  percent  or 
aq  i  seine  at  (i.e.  9U  A)  .  Ibis  technique  provides  only  an  over¬ 
all,  general  accuracy  assessment. 

site  specific  techniques  involve  t  he  determination  cl  a 
unit  cl  comparison  (1. o.  1  pixel;  100x1  JO  motets)  anu  the 
comparison  of  the  category  depicted  or.  the  map  with  the  same 
areal  unit  located  on  the  ground  or  on  some  'stanuard*  an¬ 
cillary  reference  (air  pnoto;  existing  land  cover  map). 

Ihc  classification  accuracy  standard  tor  tha  U3G3  land 
cov  ..r  /lar.u  use  map  ser  ies  is  a  min im urn  acceptable  accuracy 
oi  n  j  percent  at  tin  .0:3  con  f  iiu  nee  it  ve-i  (or  a  5  percent  or 
the  poly  goto  or.  the  ci.oiopL.ti.  map  are  coi  reel  as  percent  or 
tne  t:*>  )  tot  the  l-  v-.-i  1  ana  „  1  lar.u  cov  r  cit.  ^or  i  «*  » 


04  e  i  .<1  p  h «  i  1 ,  J  .  i>.  liiiiii! Aii  J  tne  h a ^  a  .  *  a s u  i  r.  j  t  on ,  ji;  ..  i.  3 , 

i‘>  s  ,  |  r.  h  4  . 
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Little,  generalization  occurs  in  scenes  witn  large, 

Ian  i  cover  parcels  ( 1. e.  forests,  wheat  fields)  even  with 
tat  iJyti  resolution  or  MSS  data.  Small,  Heterogeneous  1  ar.u 
cover  parcels  (i.c.  iu'Dj n  areas,  urban  fringe  areas)  become 
nigi.ly  generalized  even  with  the  thematic  Mapper's  jU  meter 
resol  at  ion. 

jata  p roc easing  errors  are  of  turee  types;  control  point 
iocitior.  error;  hoandary  line  error;  and  polygon  classifica¬ 
tion  error. 6 2  Jrittd  3  tat  os  national  map  accuracy  standards 
ror  groan.u  reference  points  require  not  more  tnan  10  percent 
or  tested  joints  to  be  more  than  1/50  inch  in  error  for  nap¬ 
ping  scales  smaller  than  1:20,000. <>3  At  1:24,000,  the  scale 
u.m  i  ror  tins  project,  that  standard  equates  to  approximate¬ 
ly  la  meters  on  the  ground.  Ihe  geometric  registration  or 
tic  LAhLoA'I  Id  data  used  in  this  project  {discussed  in  the 
following  chapter)  is  approximately  jO  meters. 

pounaar y  line  error  refers  to  the  accuracy  or  divisions 
netweer.  land  cover  categories  represented  on  the  map  with 
respect  tc  those  same  nounuaries  on  the  ground.  boundary 
line  delineation  is  at  cecteo  ty  the  homogeneity  of  land  cov- 
t.'L  classes  and  their  naturally  occurring  gradational  bound¬ 
aries,  tiit  resolution  or  the  remote  Sensor  ,  aim  the  curto- 
grapi.ic  distraction  that  occurs  during  map  production, 
sour. dory  line  accuracy  is  also  uiiecttU  by  tn-_  gsouv  tic  ti~ 


6  *  jjzitr,  J.  and  btraiiler  A.h.  "bioui:  i  invositgat  ici.  in 
S  up  pert  ol  i-t  mote  Sensing"  ibid.  Chap.  2  o,  p  p. 


2.5  ACCURACY  ASSESSMENT  HEThCDOLQGY 

Ihc  accuracy  or  a  thematic  lanu  cover  map  produced  iron: 
citi.c:  ti.e  landscape  or  q  uan  1 1 1 .1 1  i  ve  approach  to  terrain 
evaluation  is  dependent  upon  three  possible  sources  cl  er¬ 
ror,  data  acquisition,  data  processing,  ar.u  sc>_-n<_  a.,p-ndorit 
error.60 

Radiometric  ana  geometric  u«t*  acquisition  err ors  arc 
corrected  during  the  prt process inq  or  LANJaAI  digital  iuiaq-- 
ry  by  Net-.  A’s  iroaqt  Generation  facility  to  moot  the  L  An.  22  AT  <■ 
systematic  error  correction  standaras.  Assessment  or  these 
pre process i :uj  error  corrections  is  beyond  the  scope  oi  this 
pro  iect  and,  tacretote,  it  v* i  11  be  assumed  that  the  prepro- 
cessinj  or  tne  No vernier  9,  19S2  image  met  the  EAaJJAl  4  sys 

tern  geometric  and  radiometric  standards  (cairn  to  rand  geo  me 
trie  re-girt  rat  ion  witniii  0.5  pixel,  90  percent  01  tin.  time; 
temporal  registration  to  eitnin  0.3  pixel,  9o  percent  ot  th 
time;  jiiu  raoiomotr  ic  error  correction  »ithm  on-_  quantum 
i  c  v  e  1 )  .  6  1 

Scene  dependent  oiror  refers  to  tr.r  amount  at  qinetiUi- 
z a r i o  1.  tii at  occurs  as  a  result  or  tne  spatial  resolution  or 
ti.c  remote  sensor  an  i  the  size,  nomoqe  neit  y ,  ar.u  spatial 
ltstt  li.ution  or  land  cover  in  1  particular  geograpnic  area. 


60  .1I1  Ji  t  |  IN  .  i*i  •  silS  L  11  ti  n  11  .  13  lyi  i  -ii  AO^_Xi_COj^.  ii  i.  x  . .  x  .  1  - r  — 

■nee  Publication  1  a  7  0 .  was  h  1  n<j  1 0  n  ,  L_:  iiAoA  JcicS.tinc 
tiiii  .  1 .  t  o  1  iii  1 1  i o  1 1  i ' r  inch  ,  1 4 d ,  i_ i  1 1  p .  o ,  p p .  z 4 <1  • 
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nan  j  j  r  ct  i  tiou  Pursing  .  Fills  JburCi.  ,  V.c  A  0  •■ticni 
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: -i  a.it.i)  into  a?  or  op«cu  i«.  a  lane  cover  eld  ss  ^  :  uc, 

1  1  V  rr  a  e-  I  1 X.  e  U  L  X  j’X' er  cTlt  it  i  V  t  L  a  I.  ,  j  t  S  U  I  i  C  t  X  i  1  ,  'v  J  t  e  ■  _  •  O 

ji  j natures  (ti.d  aij.jiin.4  ana  rax  i a. a  DU  v-tiJ-  :;  o^xavt-.i  l.\J' 

tatiVc  sattiplteo  of  Mxofc 1.1101  cjv  r  cii.iot  s  lor  >acii 
uiiiiu  li.  the  Jata  set)  .  dost  ait.  icomj! ui<_r  alia  unci. ccoirputer 
teB.i  have  iior, pa  t  ametr  i call  y  idaui  classic  icatioi.  aljor- 
L.eCdasc-  ol  t  l.o  it  itiut  good  ciddoit  lcatiox,  re- 

u r  t *  ii  i  c i,  a  x ,  \  vi i c k  i  y  iiiu  i l, t  x p 1 1, o i  v  j  1  y  prOUUCcli« 

*.  a  .  i, o n i  d t oi ai c  t r  i c  rupei  v h P D  ay  p  r  oa  c  h  permits  toe 
c  o ;  1  c  iii  •.  n  t  a  r  /  usc  o:  noth  t  ht  landscape  ana  quantitative  ap 
i-xoiciit  -i  to  teti  alii  evaluation.  Training  sa spies  Lien  spe- 
ciiic  xaiiii  cover  types  or  inttr-xst  must  nrst  be  iaei.tnit  i 
«n  i*  rial  niicqety  ai.a/jr  topographic  maps  and  ttu.n  iacxit  i- 
:  i<  d  on  i  nur  i  cony  or  coior  monitor  display  ror  adcii  Land 
i 1 1 .  •_  data  set  in  order  to  at  Vulop  the.  n-d  lmsns  ions  1  spec¬ 
tral  i.'  i q  n a  t.  u r  e  r  o i  t: a cn  land  Cvivci  c  1  a s s »  i  u  i  j  requires  d  i 
j  it  dl  image  analysts  to  be  ran  ilia  r  with  lot!,  conventional 
iai  i  n  interpretation  te.cnr.ie,  uts  used  in  the.  landscape  ap¬ 
proach,  a r.c  the.  t.-cnii iq Ue s  tor  lientnyinq  relevant,  parauie- 
t  *  i . i  or  1 1 1  r  i  a  u  t  e  v  a  1  u  c s  w  n  i  c  1,  s  e  p  a r  a  t e  1  a  i. a  covet  c  1  a  s o  e s 
■3i  interest,  a.;  well  da  tn-  exon,  p  a  t  e:  r-assist  =  1  z  nhancon'or.t 
ti.  i  cl  ...  ..a;  iMtiai.  teciii,  i-«  u.„s  ran  in  t  he  quantitative  ap- 

,■  ,  il  e  it  i  IS  ,  a  k  e  1  i  I,  ’  V  tlUUtlCX,. 
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i  :  i x  {.  i o L  j i i 1 1  y  that  i  qxvt:n  spectral  .ii  ji.  itur*.  is  ux- 
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;  .ex.  *ju  r  u  i  _  :ol  the  cLa.scix.icdt  ior.  ox  ji-ai«i-ii.t;ional  sp  iC- 


i  .  *i  x  .;:xci..xc  la td  that  do-i-  i.ot  axsuiiia  normalr  ty  ex  require 
dot  .  iii  ;  i-  di.xtr  ii  u  tea  in  any  part  icular  norm.  ini  a  alqor- 

xv*..ii  j.jc..::  tiaxiirJ  aisplu  Lrcni  t  **  t  spectral  data  tnat  xit  c3i  — 


ic  uiy  act  iv*.  a,  x  epr  esontir  q  spectral  L'topona-  patterns 
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ancillary  data  description 

ilary  reference  data  used  i.or  analysis,  clajoi:  ication, 
iccjiacy  dcseasaitat  included  USJi'  topograpnic  a  no  land 
lUipsj  IChA  daily  weather  u.  ups;  Pluck  ana  wnita  and  color 
a  fed  aerial  photographs  arc  ir.oeaics;  a  Id  inch  ZcCZ 
e  color  1  r;  made  oi  the.  original  Id  data  Set;  JSDA  coun¬ 
cil  surveys  ar.u  soil  flaps ;  uno  direct  tiold  cose r v  it  ions 
i  the  periods  octol  cr-lcce Jihci  1SB4  and  Jariuaf  y-riarch 
.  1  at  1 e  1 4  diet  tne  ancillary  ftiateices  used  in  tao 
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1 :  1  G  u ,  0  J  0 
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liit  1 1.  r  ♦  o  btuu  >  ui  ecu  cr- IcCt-.i-j  for  t  r.  is  pro  ioct  a  r>.  to 
r  -  „  Jit-itivt  or  typical  .ujr  icuitural,  iJUbtcj,  ui.  1  ur  ».  u. 
1  : ;.  i,  tJVtio  Uiirii  i..  t.  i,  t_  p  it-ic.c:.  t  uhyaiour  apiiic  r  _  )  i  ■;  i. . 


1  in  physical  ini.o.:c  1^0  ol  tit  Pi.’iim or.t 


al,ct  o  t  i. - 


xO-jic  structure  a  no  ciimat^  of  the  region.72  lun  geologic 
structure  consists  of  ancient  e  ugeosy  r.cl  inai  sedimentary  de¬ 
posits  which  nave  teen  me  t  an.oi  pr  ose  a  ,  intruded,  faultcj,  and 
dee  pry  wea  tne  red  if.  a  mild,  n  uni  id  (m  csotner  mal)  climate. 

.•lost  or  the  locks  in  the  legion  are  gneiss  ana  schist  with 
some  a  .irl  ie  and  quart  zite.  z  he  Carolina  date  Lelt,  con¬ 
sisting  or  less  intensively  metamorphosed  rocks,  occurs 


ilong  the 

easts  I'i. 

1  union  of 

tut  1 ieumont 

r  r  c  m  s  o  u  t  h  e  r n  V 

lr- 

■  jil!  Id  t  c 

Jcorqia, 

co  n,  prising 

approximately 

2 J  percent  or 

t  11  c' 

rtq  1  Oil, 

IgiicOUfe 

intrusions , 

consisting  cf 

granites,  g  r  a :. 

1+  e 

gneiss,  and  gal  Leo  fcrui  resistant  aprands.  Sedimentary 
locks  in  tii’.-  Iriassic  dasit;  maito  up  the-  remaining  5  percent 
or  Li...  region,  rhese-  rocks  consist  of  sandstones,  ccnglotr- 
.  r,it.es,  ana  siits  intruded  hy  dialase  diKeS  and  siils. 

surface  materials  in  the  Piedmont  consist  oi  pleistocene 
j.p.  liiuviuui,  late  Pleistocene  and  Holocene  age  corluvium, 
mu  me  lent,  deep  residual  soils  termed  saprolite.  Alt  l.oug  a 
ooil  ai  a  t ...  1 1  a  1  s  are  directly  related  to  t  h.  e  patent,  lock  in  a  - 
txfiii,  the  tol  low  m  g  soil  horizon  description  is  char  ictt  r- 
i  iUc  tnrcu  jiiout  tne  Piedmont.  i he  A-hcrizon,  a  thin  layer 
•m  or  |  mic  material  1-2  inches  thick  over  a  sligatly 
1  ac.i  i,  ii  ;nt  colored  layer  1-2  feet  thick,  overlying  at. 

,  I  L  iV  i.  !*•.  U,  C  i  \)  .  j  .IQ*.  1  Z  xli  x  —  .1  *.  i  1 1  t  h.  I C  K  .  .lit  e“  nai  l^OI. 

consist  o  t  a  massLv.  clay  and  structured  saprolite  (ScSM  ui- 


7 2  a 'i t ,  c  .  _  .  at  ar ai  . . e  1 1  c r, s  or  1 1: J r; i t  e  1  ..'cate.;  a  i  i  ui' 
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ox:  ic  i)  ,  more  than  1U0  loot  thick  in  piuc~s.  Iuk  unue r  x/ir.  q 
(.  iid.t  matt  rial  usually  consists  or  a  /.one  or  ko.ithei'c.i  lock 
JVti  unweathertd  paient  rock. 

xno  natural  vt.)ctution  or  the  reqicn  is  ciassxtied  is 
ui i x a  oak/pine  and  southtustt.cn  pine  loiost.  iht  plant  qe- 
oqr uphy  ot  td.  redacts  the  tef  oqraphy  ana  sursur Luce  qeolo- 
q  y .  73  lypicaliy,  tor  eSt-.  a  Piedmont  uplunu  areas  (clayey  re¬ 
siduum  ever  bedrock)  consist  ot  can  (unite,  Black,  chestnut, 
led  jus)  ,  Yellow  poplar,  and  Pine  (Virginia,  ihortltaf , 
write ,  Yellow);  treou  plains  (alluvium  over  beurock)  consist 
at  pr  imar iiy  deciduous  trees  (Sycamore,  Flm,  Pox  rider,  bil- 
v  i l  duple,  iuva  birch)  ;  ana  swamp  areas  (wot  ground  over 
bedrock)  consist,  or  daples,  Caks  (tin.  Swamp  white,  and  Wil¬ 
low  o a r. s )  ,  and  bourqum. 

nqriculture  in  tne:  reqion  occurs  on  cleared  uplands  and 
xiooiplains  with  severe  soil  erosion  occur rinq  on  slopes 
(letter  than  15  percent  without  terracinq.  dtiieral  tarminq, 
inryinq,  livestockinq,  and  cast,  croppinq  (tobacco)  are  tne 
primary  aqii cultural  activities  in  the  Piedmont. 

1  f* e  sul  lace  drdiiiaqe  pattern  oi  the  Piedmont  is  utndri- 
tic,  Ciiar  acter  istiediiy  round  on  thick,  horizontally  depos¬ 
it  .  u  .i t i  i in e n 1 1  .  r  e  «  1  ri r q e  natural  1  a  k e s  occur  in  t  n  c  re  — 

lion,  x  t  r  o  u  q  l ;  t  j  in  clou  s  1  a  i  q  e  m  a  n  —  m  a  d  e  i  a  K  e  s  ana  reservoirs 
u  i  v  e  .  e  ....  r.  ere  itt  d  ov-.r  t  n  «  past  s-ver  ai  Jccia<  s.  Numerous 
j  it  ill  xa  n-a. -!■)•  lake/;  ana  t  a  r  m  punas  iot  the  x  mu  scape. 


Ine  climate  or  the  L  leumont  region  is  r<-iiuiv:  ly  mile  ana 


nuiii  id  »  it ii  rarely  occurring  extitmc  i<eath?r  con-dit  io»£.  Av- 
>-raq*.  annual  tair.pt.  rat  arc  extremes  art  no®  the  lo»  7  a  •  a  i  to 
tee  upper  4  d  *  s  :•  range.  Average  went  nly  precipitation  to¬ 
tals  40-4r  incuts  per  year  and  the  average  annual  soil  teinp- 
t‘  L  d  t  U  n  'o  i  o  c  0  1‘  «  i  ii  C  dV  €l’dtj(:  tjl'OVr  ilhj  o  i^dSO  D  Z  U  II  lo  L  Z  O  111  Z  U  ' 

second  kcu  in  April  to  the  last  been  in  cctor-ar,  approxi¬ 
mately  iOo  days.  Much  of  the  precipitation  in  tne  growing 
season  is  the  result  or  summer  tnundeistor®  activity.  w in- 
tv.  r  precipitation  results  mainly  iron;  low-pressure  storms 
moving  through  or  near  ttie  region.  Average  moatnly  snow  ac- 
cu-.Bul  ition  rarely  exceeds  two  inches.74 

.acre  15  lists  tne  daily  weather  conditions  reported  by 
the  :•  aitigh  weather  station  fro®  November  ^-10,  1d82,  the 

weeK  price  to  and  including  the  LaNDSAT  IM  data  acguisiticn 
'late.  75 

i ii e  average  daily  temperature  was  approximately  2  degrees  f 
a  rove  tne  thirty  year  mean  ana  monthly  precipitation  was 
75-100  percent  of  the  normal  amount  expected.  7& 


7*  -oil  survey  of  *a  k-u  County,  UC.  Washington,  DC:  uSuk 
'i.jticr.ai  deeper  at  ive  Soil  Survey,  1 970.  pp.  113-11  o. 

7 ’’  da  j-.pui.tuK  nt  or  tJiiieiCt  Daily  Kathc  Maps.  washina- 
ton  ,  da  do  v  r  n  .a-,  i.  t  Printing  ctrice,  1-7NoVd2  ana 
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Per iod 

.1  cjIu  rror.t  pasned  through  the.  ^r.  aral  stuuy  area  i* 
i. -i  -*-5.  k  uijh  prejrar-i  system  dominated  t*cutn«.r  cond 
none  wVeiiiu:  t-10,  pctoi  it  t  inq  ideal,  virtually  cloud 
out.  j  j c 4  u i i  t  i  o r  conditions, 

i.i.  e  j-jstc.  i.  cinq  r.o  u*  or  L  A  N 1 3  A 1  4's  ott.it  crosses  the 
-S.jtoi  it  approximately  J943  local  sun  u»e,  resulting 
ti,-.  acqu  lsi  t  icn  Ol  i'iitjl  It.  ,"o»  3L  it  <i  p  p  LO  X  1  Old  t  0  1  y  U34J 
* san  ti>.  Vi*  ion  ci.-jie  aim  azimuti  at  acquisition  at  re 
•  »;. a  Ill  i;  f.  r  i-  e  s  r»-sp.:  ctiv--ly. 


,n  only  MV'-:.,,  rt.ict  or  t:.e  went  utr  con  a  it  ions  it 
tii  'i  t:.i  iCjursitior  *  as  tin.  amount  or  nr  c  cip  i  1 1 1  i  o 

■  ioi  i  i  ]  1 1.  *.  w  •  •'  k  o,  rot  to  requisition.  Alt.  nou  j..  almost 
SiCi.  li  lair  r  >_  1 1  in  t  ji  t.  ./ 1.  r, r  a  1  a r  e a  ,  the  n  i q ,.  p  v  r  .u  t  a  i  - 
)i  ti.  .  .ails  (rain},;,  j  not  u.c-r-.P  inch*  s/nour )  ana  t  i.  . 


c  v  e  m 

l- 

r  r  ee 

in 

i.jI 

;  -*t 

-/  i— 

t  ho 

! 

a  1, 

1  1  1* 
i  r 


1  ill  v 


a  V  a  1 1  il.lt. 


a  a  ter  cipicity  (r  ui.  .jin  \  tror, 


0.  1J-U.4U  UiCiici/ii.Ch  tor  CO  1  tot:  grail.cd  SOllS  J  0. 1  4  -  O  .  r  0 
tor  til.-  grained  soils)  ,  coatited  with  a  5  day  relatively 
clou,!  tret  pt  l  100  (toaptraturc  reaching  the  uppcr  5o-(.  C  f 
u;,.|r)  ,  rcjuitvd  iii  a  relatively  low  soil  aoiatutc  coi.tc-.nt, 
dot  ter  reported  similarities  lr.  ittcated  spectral  reLlec- 
tar.ct  levels  tor  soil  materials  and  wan- made  surraco  materi- 
dis  (concrete,  asphalt,  Luildinq  materials)  with  relatively 
low  moisture  contents,  which  made  difiarentiation  between 
soil  and  wan- wade  surface  materials  difficult..77 

Ir.o  toliowinq  paraqrapns  provide  a  general  description  of 
tne  lanuscape  and  land  cover  of  the  three  Piedmont  study 
areas  used  in  this  land  cover  mappinq  pro-ject. 

0.3.1  Farrington.  North  Carolina 

iiic  hai.rir.gtcn  study  area  is  located  in  nortj,  eastern 
1  hath  iii  county,  approximately  10  miles  northeast  of  Pitts- 
r.ji.o,  tht  county  seat.  The  area  encompasses  approximately 
4o  sg  late  Kiluju  i>.  no  (d. 4  x  5.7b  kid)  adgacent  to  and  uua 
west  j r  _ .  _ v e r ►'  1 1  Jordan  Lake. 

if.  tepo  graph  y  oi  the  art-  a  consists  el  roiling,  forested 
mils  w  it  n  oieUtu  g<.  norally  act  exceeding  od  percent.  i  n«; 
maxim  Jr.  Lai  r  iii  u.l  are  3  is  add  rett ,  with  a  north-,  ast  to 
tL-niii.g  ria-j*.  in  the  centti  or  tne  study  aria. 
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nut  r  —  n  iu  e  •  i  ..ini  iy:  is  i'eci.i.igj  to  .  .not-:,  i-r.sor  rata," 

j.jvL.i,  u .  m  a  iii  j  *  in,  I.*.  eiin'dlis  *  *  3  ill  i_  yuuiit  rta  — 

1 1  v  -  .41 -LC  1C  I..  NY:  v  c  a  r  i  w  -  i,  l  i  r  Inc.,  1  y  7  -j ,  carp  5.  p;.. 


in.  upiji.  a  suit  act  generally  slopes  to  the-  sou  tn  east  and  is 
.id!  d isavcted  by  soutneast  and  northeast  rlowir.q  an- 

1 1 0^1  *-  I;  t.  c  *  L  •_  i  iii  « 

.L1-  drainage  pattern  in  the  aifd  is  denaritic,  consisting 
01  in  ittv.nt  ana  perenni  ai  streams  draining  into  tn*.  ror- 

Uit  r  s»  dope  :>ivi t  Valley .  construction  at  the  P.  ZvcLitt 
Jar  in;  a  a  a,  in  YilH  ur  owned  the  Ne»  Hope  River  valley  and  its 
tir notaries  to  an  uv  etaqe  level  or  215  i  ee  t .  ine  drowned 
v  atley  or  idol;  c  r  -  k  ,  located  in  t  no  north  cei.  trai  portion 
or  t.ic  area,  tons  a  low  wetland  loreat  ana  swamp.  Numerous 
small  it.  a  i .  -  iii  a  u  t  t  u  l  ai  ponds  are  scattered  throughout  the  study 
are  i. 

lost  of  ti.c  Ttaii  jtoii  study  area  is  underlain  by  a  aieta- 
VwicOiMc  jr.it  ot  y  yr  ociast  ics,  r  lows,  and  inter  bedded  cedi- 
lOT.tury  leeks.  .lie  m  =  t  a  volcano  unit  grades  upward  into  a 
predominantly  realm on t ary  unit  consisting  of  argillite, 
slat  ,  graywdCK*-,  sandstone,  giaywacke  congiomer ate  an! 

'a.:.  1  he  sedimentary  rocks;  ale  ov  or  la  in  iy  andesitic  tuits 

.in  ,  !  i  o  w or  tur  mafic  tux  f  arid  flow  unit.  ihese-  three  rock 
j'.u  s  a  <•.  v  e  b  t  •:  n  intruded  and  locally  meta  Jiorphosoa  ny  igne- 
rij  »  *  .it  on.-  oi  gianite  to  gr.ii.o  aior  itt  com  posit  ion ,  tuc 
iar  :•  t  sai.ij  .ihdi'iiJ  ,'iountair  located  just  iiortn  oi  t  fie¬ 
sta  ;y  t  i  s  -  a  .  7 ,3 
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jjadCc  soil  mdtci'idls  consist  of  silt,  clay ,  ar.a  ninety 
loo  tii  ji  y  1 1 1  o  *  isn  blown,  yellowish  rod,  or  liqi.t  jray  teres, 
hail  JuttUjl:-  n--  only  expost d  ii.  plcwod/t  arret.  a  qricultur- 
aa  ri-.ias,  road  cuts,  a  i.  i  aioi.q  t  h  e  lanfc  shore. 

I  r.  •.  :  1 1  a  o  i.i  in  ant.  vcqetat  ion  in  tut  stuay  area  is  ever  qr'et-ii 
ino  i.a.;uou.«  iur-s-ts.  Ivagrtti:  trees  include  conirerous 
_n:  i~i  Ly  ,  inert  lea  i,  Virginia,  a  no  Eastern  whit-1  pine,  qeu- 
-  rail/  located  in  rei  ore.-sted  pine  plantaticn  areas.  oeciua- 
>)J..  trees  include  the  Cak,  Cottonwood,  walnut.  Ash,  3yca- 
ije  1 1  , ,  i  _  i  1  o  w  poplar,  and  L>  w  e  e  t.  u  u  111 .  1  rest  are  qeue rally 
M.e  on  sue:  slopes  ar.u  in  stream  valleys. 

. j  i  i c  u  i  t  u  r  u  i  row  crops  q r  o w  i  if:  t  u  t  stuay  area  include 
cei:,  soybeans,  at. o  toricco.  close  qrowr,  crop..;  inexudt 
* <j t ,  rarity,  mu  oats.  clover,  i e s c u e  ,  o r c h a r a  q  r  a  s  s ,  ana 

1  .  >  |  '■  1  > ;  C  a  p  r  a  V  i  ( 1  -r  I O  L  d  q  e  It.  the  pact  UL't  aledS.  UUe  tO  tile 

nape  ucquasi  tion  Uate,  the  oily  crop  anuer  cultivation  was 
c  i  r  ii* .(  w  i.  c a  t .  [•  jbtui  e  areas  c  n  c  d e c  i d  u o u s  trees  w^re  .also 

,;t‘  s  ■.  u  it  the  tiiite  the  uata  was  acquired. 

I  h.-  t  r  ai  sport  at  lot.  tu-twor  k  ir  t  do  study  area  consists  or 
.  >  r  n  q  i  e  Lars,  .  i 1 1  «  i.  ui/iti ,  in  a  c  a  o  u  m  or  asphalt  a  r  u  suri  ice 
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3.J.2  New  Hill,  North  Carolina 

*i.-  New  Hill  study  uta  is  iocit-u  in  western  wake  v.oun- 
k.  y  ,  x  ;  pro  x  i  a.  a  t  o  1  y  1 -j  a.  ii-;t.  southwest  01  fcdlei<|h  ,  the  state 
.if  ti  Ju,  iiie  tied  uncaiLp  jtioc  a  a  r  p  r  o  x  i  iu  a  t  rj  1  y  4  d  s  »_j  a  a  r  e  k  i  lo- 
!i-.  t-t.»  (<■• ,  4  x  ->.7l  k«.  ;  ubu  x  If  x  pixels)  ,  ciae-  cast  of  2,  Zv- 
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.iuji:  .initio  iuci>-jt  power  plant  cutror.ti  y  under  construc- 

1  U  . .  ]  i  ..  t  .  J  J  t !;  d  i  t  h  .?  vd  UO  y  fi  L  C  d  )  .  T  U  t.  U  i'  0  W  i.  -•  d  V  a  1  i  e  y  fc  C  L 

■  *  ^  -- .  ~  .  *  ■  x  i  .r j d  1.  i  t.  l i .  L'.dVv.  e .  t ..  k  i o i  ;v.  .-> w ..I iT-  p  y  f  r. o l  v  j t v d 

-  •  ••  )itd ;;  iurn  j  periods  01  n  1  q  h  lulu  ivV  id  ^>1^0 

)  «  .<  U  in  ’  .  [  o  j  j  i  ;.i  u  .  1  iii  a  n  -isrnit  i  j  k  ;  u  i.  ]  i  u  «  p  j  n  .1  r  <  i  d  x.  t  h 

■  1 ;  ■  e.  .u  p  ■  ,  a « •  i  1 . 

Ii.  :  ;.CiOq  y  o:  the  New  .iii  i  dtuay  u.  -  1  i.  :  .  1  c 

.  i  .1 ...  1 1,  . > .  d  a  in n t  try  l o c  k ; i  ui  t  ij .  . .  x  \ .  <*  j  .up.  ^  u  xoi 

1  1  h  t  vl  h  .  r  T .  X.  ii  1 .  ’  j  1  O  U  [■  li!  til  t  i  1  i  vi  i  r.  X  I.  v  '  t.  -i  I  y  ;  .  -  u  I  I,  C  1  U  d  v 

:'i  )i  ;....,  .  tit  v .  ( I..  .  t  u j.  ,j  ic  <•  1.  a  ;pu.j'i;  .  .x.  r.  •  •  i  1  a  l  •  a 

.  J  a  1 .  C  j  1 ;  ).  ~  -  1  1  1  ~ ~  . )  .u  I  1 1  ill  i  X  i_  i  X  1  ..*  •■  1  i  i  .1*  ,  .  1  *  ii  i  i  i  i  .  i  P  vl  i  c  I  I .  d 

i  ■  ■  ! .  >  e  J  I.  .  J  j  v  ’  :  L  1  1  1  /  i  O  C.  u  Xi  t.  d  1  i.  1  l .  '  ■  v:  <.  -  .  t.  I  I ,  i  .  >  d  X  .  i  .  *  |  ,d  “ 

a  >  .  >i  1 1.-  .  1  i.;,  •!.'  a;  o  1  eh  e- ip  u  i  ,  r.  {i  . 

•■i  .  ■  i  t  Ui.  d  CJiCi.i  -dUo  .ill.  J..tOi.  .  u(|d.;ii...  .  ll:i  t  ,i  1 1.  1  IV  id. 

•  1  .if  1  *■  1 .  1  t  ii.ji  .itji.i  1 1.  d  i.  ■  r. <  c  01  j  r  ■  /  cl;-.-..!,  j  r 

.  x  *  ; .  1  1.  !  .  )  iuc  '  i  l:.  t w-  .;t  1 ..  i  r. .  >  r :  ..  «  .  -  ,  un 


u.  >  i  7  x  1 .  i 


AD-A154  781  MICROCOMPUTER  PROCESSING  OF  LANDSAT  THEMATIC  MAPPER  2/2 

DATA  FOR  THE  ACQUISIT.  .  (U)  ARMV  MILITARV  PERSONNEL 
CENTER  ALEXANDRIA  VA  S  J  MCGREGOR  12  APR  85 

F/G  8/2 


UNCLASSIFIED 


NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NAItONAl  BUREAU  or  S1ANOARDS-  1963-A 


8 


Deciduous  and  evergreen  second-qrowth  natural  and 
man-stocked  torest  is  tne  dominant  vegetation  cover  in  the 
study  area.  Loblolly,  Shortlear,  white  and  Yellow  pine 
plantations  are  the  dominant  lorest  type  with  Oak,  Cotton¬ 
wood,  Ash,  Sycamore,  Poplar,  walnut  and  Sweet  gum  deciduous 
trees  round  in  stream  valleys  and  on  steeper  slopes. 

Agricultural  row  crops  grown  in  the  area  include  corn, 
tobacco,  and  soybeans.  close  grown  crops  include  oats  ana 
wheat.  j_espedeza,  fescue,  and  white  clover  are  grown  as 
pasture  cover.  Due  to  the  data  acguisition  date,  spring 
wheat  was  the  only  crop  under  cultivation.  Pastures  and  de- 
cidious  trees  were  also  senescesea. 

ihe  tr ansportation  network  in  the  New  iiill  study  area 
consists  cl  single  lane,  all  weather,  macadam,  asphalt,  and 
concrete  hard  surface  roads.  improved,  all  weather,  loose 
suriact  gravel  and  unimproved,  fair  weather  sand/clay  sur¬ 
face  roads  connect  farmsteads  to  the  main  road  network. 
Concrete  highway  bridges  and  interchanges  are  located  on  US 
1,  whicn  runs  northeast-southwest  in  the  southern  portion  of 
the  stuuy  area.  State  road  1011  parallels  US  1,  in  the  cen¬ 
ter  ol  the  area,  with  a  multiple  and  single  track  section  of 
t he  Seatoard  Coast  Line  railroad,  just  south  and  adjacent  to 
the  county  road.  A  concrete  bridge  also  spans  seaver  Creek 
m  the  northwest  portion  of  tne  area. 

Urban  aieas  include  the  small  rural  tcwns  of  New  Hill  and 


Friendship  Located  on  state  read  1011  in  the  center  of  the 


study  area.  The  remamuer  of  the  rural  population  lives  in 
strip  settlements  adjacent  to  the  road  network. 

The  New  Hill  image  was  selected  primarily  to  evaluate  the 
classiticaticn  or  surface  material  and  transportation  cat¬ 
egories  of  the  1TALB.  ether  categories  evaluated  included 
water,  forest,  agriculture,  and  wetland. 

3.3.3  Chapel  Hill.  North  Carolina 

Ihe  cnapel  Hill  study  area  is  located  in  southeastern  Gr¬ 
ange  County,  approximately  10  miles  southeast  of  Hillsbor¬ 
ough,  the  county  seat.  Ihe  area  encompasses  approximately 
48  sguare  kilometers  (8.4  x  5.76  km),  northwest  of  B.  Ever¬ 
ett  Jordan  Lake. 

Ine  topography  is  typical  cf  the  Piedmont  region  with 
gently  rolling  uplands,  rounded  hills,  and  v-shaped  valleys 
with  slopes  generally  not  exceeding  30  percent,  ihe  maximum 
relief  in  the  area  is  330  feet,  with  upland  surfaces  sloping 
gently  to  the  southeast.  The  topography  is  submaturely  dis¬ 
sected  by  south,  southeast,  northeast,  and  east  flowing  an¬ 
tecedent  streams. 

Ihe  dendritic  drainage  pattern  riows  generally  in  the 
east-southeast  direction  as  first  and  second  order  tributar¬ 
ies  of  the  former  New  Hope  Fiver,  now  Jordan  Lake.  Univer¬ 
sity  Lake,  a  large  man-made  reservoir  in  the  drowned  valley 
ot  Morgan  Utcn  is  located  in  tne  southwest  corner  of  the 
study  area.  Numerous  small  man-made  lakes  and  farm  ponds 
are  scattered  throughout  the  area. 


The  qecloqy  of  the  Chapel  Hill  study  area  consists  of 
pyroclastic  and  flow  rocks  of  dacitic  to  rhyolitic  composi¬ 
tion  (lowlands)  and  intrusive  iqneous  complexes  (uplands).81 
The  iqneous  plutonic  rocks  include  granite,  quartz  monzo- 
nite ,  qrancdiorite,  dior ite ,  and  qatbro.  An  ultra  mafic 
body,  composed  of  dark,  coarse  grained  horneblende,  olivine, 
and  magnetite  occurs  at  Iron  Mine  Hill,  southwest  cr  Hcrrace 
Williams  Airport. 

Surface  soil  materials  consist  of  a  light  red  clay,  silt, 
and  sandy  loam.  Typical  Piedmont  soil  horizons  are  found 
with  depth  to  bedrock  ranging  from  approximately  2u-8G 
feet. 82  Parent  materials  include  iqneous  and  volcanic  rocks 
and  aliuvial/collu vial  sediments  on  floodplains  and  terrac¬ 
es. 

rhe  predominant  vegetation  in  the  study  area  is  evergreen 
and  deciduous  forest.  cleared  upland  areas  on  the  outskirts 
of  _hapel  Hill  and  Carrboro  are  cultivated  row  and  close 
grown  crop  tieius  anu  pastures.  Spring  wheat  is  the  only 
crop  under  cultivation  on  the  IM  image.  Pastures  and  deci¬ 
duous  t r t e s  art  sentsctu  with  other  crop  fields  lying  tal- 
row.  Most  ot  the  resident  ial  housing  in  the  area  are  cov- 
ereu  ly  oei.st  deciduous  and  evergreen  trtes. 


81  Alien,  L.P.  and  Wilson,  W.l.  "Geology  and  Mineral  I e- 

aoutces  ot  Clung--  County,  :JC",  bulletin  Hi.  'aleigu:  NC 
Dept,  ci  Conr-_-r  Vutioi.  and  Development,  Hod,  pp.  7-25. 

**  Coil  jUiVt  y  ct  tranq^  ..ounty,  NC  Washington,  sc:  iJSDA 
hitler, al  cooperative  Soil  Curvey,  1177,  pp.  do-dt. 


The  transportation  network  in  the  Chapel  Hill  area 
includes  single  and  multiple  lane,  all  weather,  macadam  or 
asphalt  hard  surtace  roads.  improved,  all  weather,  loose 
surface  qravel  and  unimproved,  fair  weather  sand/clay  sur- 
race  roans  connect  rural  farm  and  rural  non-tarm  areas  to 
the  main  road  networx.  concrete  fcridqes  and  interchanqes 
are  located  on  the  main  roads.  A  single  track  spur  of  the 
Southern  railroad  oriented  north-south  terminates  in  down¬ 
town  chapel  Hill.  Horrace  Williams  Airport,  with  a  3,50o 
ft.  macaaam  surtace  runway  oriented  east-west,  is  located  in 
the  northeast  portion  or  the  study  area.  A  pipeline  corri¬ 
dor  oriented  northwest-southest  and  a  transmission  line  cor¬ 
ridor  oriented  nortn-south  are  also  located  north  and  west 
of  Chapel  Hill. 

da-jor  urban  areas  include  the  town  of  Chapel  Hill;  Uni¬ 
versity  of  North  eurolina;  and  tarrboro.  Urban  land  cover 
categories  include  residential;  commercial  and  service;  in¬ 
stitutional;  transportation,  communications,  and  utilities; 
industrial  and  commercial  complex  (extractive) ;  and  mixed  or 
ctuer  built-up  land.83 

I h e  Chapel  Hill  image  was  selected  primarily  to  evaluate 
the  classification  of  transportation  categories  of  the  ITAjH 
and  the  additional  urban  land  cover  classes  identified  as 
critical  urban  terrain  conditions  in  current  Army  field  man¬ 
uals.  ether  categories  evaluated  included  forest,  water. 


83  "Land  Use  and  Land  cover  dap,  197*."  r.alciqh,  ae  1:2jeUUG. 
Fes ton,  VA:  Usdd,  1 9  d  2  . 


Chapter  IV 


DATA  ANALYSIS,  CLASSIf ICATION,  AND  ACCURACY 

ASSESSMENT 

4.1  SUPERVISED  NONPAHAMETEIC  CLASSIFICATION  METHODOLOGY 

Militarily  significant  lanu  caver  categories  Wore  classi¬ 
fied  for  eacn  of  the  three  Piedmont  study  areas,  using  tne 
proposed  1IACU  classification  system  tor  use  witn  LAMSAi  IM 
uata  and  the  supervised  ncnparaaietric  classification  ap¬ 
proach  of  the  Apple  Personal  image  Processing  System. 

This  approach  requires  the  image  analyst  to  identify  a 
characteristic  spectral  response  pattern,  or  spectral  signa¬ 
ture,  unique  to  each  land  cover  class  of  interest.  This 
spectral  signature  is  based  on  the  minimum  and  maximum  l«. 
rlectaiice  values,  DN's,  observed  from  representative  samples 
or  Known  iano  cover  categories,  for  each  land  or  channel  in 
the  dati  set.  These  samples  ci  training  sites,  chosen  iy 
the  analyst,  represent  biased  samples  which  are  not  suitalle 
for  probability  analysis  techniques  that  assume  normality, 
juseu  on  tnt  empirically  derived  signatures,  selected  lands 
in  the  data  set  wde-  classified  as  to  nominal  land  cov  =  r 
categories  using  tne  hppiepips'  parallelepiped  J  t  F  D )  ciassi- 


f ic at  ion  algorithm 


y  j 

The  ppc  classir ication  algorithm  determines  which  pixels 
fall  inside  an  n-diraensional  classification  space,  defined 
by  the  n-dimensional  spectral  limits  (minima,  maxima)  of  a 
particular  land  cover's  spectral  signature.  The  computer 
searches  each  pixel  in  the  multi-band  data  set  and  deter¬ 
mines  which  pixels  fall  within  the  maxima  and  minima  fcr 
each  class.  Pixel  DN  values  which  fail  within  the  classifi¬ 
cation  space  are  classified  and  identitied  with  a  number 
correspondinq  to  the  order  in  which  the  siqna tares  were  en¬ 
tered  in  the  siqnature  traininq  routine.  Unclassified  pix¬ 
els  are  assiqned  a  value  or  zero.  The  alqorithm  permits 
multiple  classification  iterations  and  expands  siqnature  in¬ 
tervals  based  on  a  user  specified  amount.  The  percentage  of 
the  image  classitiea  in  each  lanu  cover  category  and  tne 
number  or  pixels  in  each  cateqcry  are  reported  and  the  clas¬ 
sified  image  is  stored  as  a  separate  band  on  disk  for  later 
display  or  further  analysis. 

4.2  FEATURE  EXTRACTION 

The  reature  extraction  techniques  used  in  this  study  in¬ 
clude  subsetting  and  principal  component  analysis  (PCA). 
only  four  ct  tne  original  seven  la  bands  were  downloaded 
flow  tne  Cel  to  the  5  1/4  inch  floppy  disk  format.  This 
subset,  l«  tar.Js  2,  4,  5,  and  7,  represents  those  tnematic 
mapper  rands  identified  in  previous  band  cover  application 
projects  which  resulted  in  accurate  land  cover  classif icatin 
of  categories  «hicn  are  of  (otential  military  significance. 
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PSA  was  also  used  to  create  a  fifth  data  band  tor 
analysis  and  classif ication.  PC  A  decomposes  the  total  vari¬ 
ation  or  a  multivariate  data  set  into  linearly  independent 
components  or  decreasing  magnitude.  ine  first  principal 
component,  which  contains  most  of  the  variation  (informa¬ 
tion)  round  in  the  iour  oriqinal  IM  data  Lands,  has  been 
identified  as  a  vegetation  sensitive  indicator  in  previous 
land  cover  studies.84 

Ihe  AEELEEIPS  spectral  transr or roa tion  subroutine,  Eigen- 
pictures,  calculates  a  correlation  matrix  using  the  four  Trt 
data  bands  for  each  quadrant  (northwest ,  northeast,  south¬ 
west,  southeast)  of  a  PIPS  TM  image.  Coefficients  of  deter¬ 
mination  (1.  squared)  values  are  reported  and  the  eigenvector 
coeificients  for  each  band  are  calculated  tor  each  of  the 
tour  principal  components. 

dy  multiplying  pixel  DN  values  in  each  band  by  its  corre¬ 
sponding  vector  weight  and  summing  the  products,  a  fifth 
rand  was  created,  the  first  principal  component  band. 


04  Snort,  N.n.  ihe  .tutorial  j*orkboox.  wasmngton, 

DC:  wASA  Scientific  and  technical  inrorraation  Branch, 

19B2,  pp.  17o.  and  vuattccni,  C.A.  etal.  "An  Initial 
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a. 3  SP££TBAL  SISNATjJfiE  IDENTIFICATION 

Tno  following  methodology  was  used  for  the  identification  of 
the  spectral  signatures  for  the  land  cover  classification 
pro-ject.  This  methodology,  developed  by  Joyce85  m  1978  for 
use  with  LANESA1  MSS  data,  was  modified,  where  necessary, 
due  to  the  improved  resolution  of  1ANCSAI  Irf  data. 

Three  rectangular  training  sites  (5xb  pixels;  approxi¬ 
mately  150x180  meters  on  the  ground)  for  each  land  cover 
class,  in  each  quandrant  (1d0x96  pixels)  of  the  three  Ap¬ 
ple  pips  T M  images,  were  preselected  using  the  ancillary  ref¬ 
erence  materials  (aerial  photographs  and  topographic  maps). 
Iraininq  sites  were  identified  using  tue  landscape  approach 
an  1  manual  image  interpretation  techniques.  Sites  were  de¬ 
lineated  based  on  tne  general  criteria  for  eacu  land  cover 
class  (level  I,  II,  III  class  criteria).  Sites  were  aisc 
chosen  cased  on  accessibility  tor  ground  truth  verification. 

bach  training  site  was  then  field  checked  by  ground  ob¬ 
servations,  to  verify  the  interpretation  and  to  obtain  addi¬ 
tional  information  on  the  land  cover  condition. Joyce  de¬ 
fines  land  cover  condition  as  "the  particular  combination  of 
surracc  features  that  are  likely  to  influence  tne  reflected 
energy  as  measured  by  a  multispectrai  scanner."  It  refers 


b5  Joyce,  A. I.  "Procedures  tor  Gathering  Ground  Truth  Infor¬ 
mation  tor  a  Supervised  Approach  to  a  Compute  r-I  oplement- 
ed  Land  Cover  Classification  of  t  ANDSAI- Acquired  MSS 
Lata",  NASh  Lefertnce  Publication  1 J15.  Washington,  SC: 
SASn  Scientific  and  lechtucai  Information  Crlice,  Jan 


to  the  homogeneity  or  uniformity  of  a  particular  land  cover 
ana  the  contrasting  background  reatures  or  materials  within 
the  1FC V  or  the  scanner.  These  lactors  contribute  to  the 
averaging  or  spectral  radiances  within  the  ITGV  (JO  x  JU  as¬ 
ters  tor  the  IM)  creating  what  are  called  mixed  pixels. 

Land  cover  condition  also  pertains  to  tre  topography  ot  a 
particular  site.  ^elier,  slope,  ana  aspect  all  contribute 
to  spectral  radiance  values,  resulting  in  a  range  of  pixel 
DN  values,  rather  than  a  lixed  DN,  tor  the  same  land  cover 
type  rut  in  a  different  geographic  location  in  the  same  im¬ 
age. 

Therefore,  the  representative  sample  of  known  land  cover 
categories  was  selected  nased  on  the  following  criteria: 

(1)  Training  sites  were  homogeneous  or  uniform,  based  on 
the  general  criteria  for  each  militarily  signiricant  land 
cover  class  of  interest; 

(2)  Training  sites  were  representative  of  the  land  cover 
conditions  within  the  individual  study  areas; 

( _> )  Training  sites  could  be  identified  and  delineated  on 
the  ancillary,  rererences,  the  AEPLEt'IPS  xrt  image,  and  in 
t  n a  field; 

(u)  Training  sites  were  reasonably  accessible  r.y  ground 
transportation  means. 

The  identification  ot  characteristic  spectral  signatures 
for  Cjca  land  cover  category  ct  interest  began  with  the  dis¬ 
play  or  cicii  .  i'l  data  t )  a  n  J  (APtLEtxPS  LANDS  I  —  1")  ror  each 


quadrant  ( h  *  ,  id,  d ,  Sw)  oi  t  he  three  study  areas  using  the 
flapping  option  subroutine.  1  he  digital  uata  tor  each  band 
were  displayed  usinq  tue  image  enchancement  tccanique  termed 
density  slicing  or  thresholding.  CN  values  ware  slice  1  or 
lumpud  togetner  into  nominal  categories  Las-.-u  on  threshold 
values  initially  determined  from  the  "natural  rreaKs"  in  tnc 
treguency  nistogram  or  each  data  rand.  Ihe  spatial  distri¬ 
bution  (up  to  six  classes)  was  tflen  displayed  on  a  high  res¬ 
olution  ccior  monitor  by  assigning  a  color  to  each  nominal 
land  cover  class. 

ay  comparing  the  image  displayed  on  tne  monitor  with  aer- 
iai  pnotoqrapns  and  topographic  maps  ot  the  study  areas, 
uiciuict  points  were  identitied  on  tne  livi  image.  Using 
tneSe  relerence  points  and  optimum  threshold  values,  the 
predicted  training  sites  representing  known  land  cover 
classes  w e i e  also  id tn tilled. 

Ins  rtFELnt'Irs  a ig nature  liainmg  subroutine  was  then  used 
to  record  the  D  N  Valuas  lor  e-acn  of  the*  thirty  pixels  in  the 
tniec  rectangular  (5  x  6  pixel)  training  sites  rot  each  land 
wvv.  dies  ot  interest.  iheSc  pn  values  (cor respenui rg  to 
Level  xx  mg  Hi  ian.d  cover  spectral  signatures),  together 
» ita  tnc  tnrc^iioi.i  c<  values  (corresponding  to  tne  Level  I 
1  a  r.  d  cover  spectral  signatures)  were  used  as  tna  minima  and 
maxima  values  whicn  deiine  the  n-u  iuit  nsior.al  clasdric  it  ion 
space  in  t  he  d'p  ci  assi  r  icat  ion  algorithms. 


'■J  O 

:  u  -r  icl  lowing  riv-:  band  specttal  signatures  wore  uevel- 
jpdi  tor  the  Lev^i  I  ana  11  land  covet  categories  ir»  tne 
r'artinqtor  ana  Now  Hill  stuay  areas.  jut  to  similarities  in 
iar.a  covet  conditions,  these  signatures  were  asea  tot  tne 
i PD  classification  oi  both  images.  ladle  17  lists  the  spec¬ 
tral  signatures  developed  tor  the  two  predominantly  fercst- 
ed/aqr icultutal  areas. 

eiiar ac+ et  istic  spectral  signatures  tor  only  rive  oi.  the 
six  revel  1  land  covet  cateqories  initially  identified  in 
tiie  7ar  l  inqtcn  and  New  hill  study  areas  were  clearly  ider.ti- 
lianie.  lhose  cateqories  were:  (1)  Barren  -  includes  fal¬ 

low  rictus;  roads,  railroads,  pipeline  corridors;  and  ether 
iii  an -m  ale  surface  materials.  (2)  barest-  deciduous  -  >  1 0 
percent  oi  tic  area  covered  ty  deciduous  trees;  includes 
mix  ..d  rarest.  iv£iqro  =  n  -  >  fcd  percent  of  the  area  covered 
iy  coniferous  trees;  includes  mixta  forest.  ; a)  Agricultur¬ 
al  -  _ro; /Last  are  -  includes  sene  seen  pasture  cover;  open 
jii.  with  scattered  ttv.es  (*C  n  percent  catiOpy  closure)  ; 
aii  a  cultivated  spring  w  i.  eat  fields.  (4)  water  -  includes 
man- m  tae  luxes  and  farm  por.ds.  (5)  me  t land  -  roresteu  wet- 
iiU.  ;  swamp  ir-.as  wits,  predominantly  j..ciuujus  tree  cover. 

_ii  u  ictti  irtic  spectral  signatures  tor  only  t n r e e’  or  t  iiu 
t  w  e  1  v  .  i_  e-  v  e  i  ^  i.  t  a  n  a  cover  c  I  a  f>s  es  w r  -  cl  illy  r  1  e  1 1.  i  r  i  a  b  1  „ 
on  hr.  .  a  i.  r  r  1 1  q  t  o  r.  and  ii  v  m  hill  i  m  a  q  o  .a  .  wiie  low  1  e  ii  s  1 1  y  ru¬ 
ral  r  i  r  ii,  ai.u  rurai  non-rarm  ar  rat,  cla.  s  ;  tr  ai.suor  t.t  t  ion/coai- 
sut.ic  iUor./uul  Lties  (roads,  transmission  corridors,  r  t  i  1- 


Disadvantages  or.  tne  ftr  ?L£rI?J  super  vista  nonparametr ic 
approach  are:  (1)  the  data  must  be  reformatted  to  a  5  1/4 
inch  lioppy  disk  which  is  teyor.u  the  capability  or  the  sys¬ 
tem  (in  this  case  reformatting  was  accomplished  uy  the  uni¬ 
versity  oi  Nebraska  at  Lincoln's  i  emote  sensing  tenter);  (2) 
datuileo  ancillary  references  must  be  readily  ivaiiailt  dur¬ 
ing  tae  analysis,  classif lcation,  and  accuracy  assessment 
steps;  (a)  limitations  or  the  Apple  11  Hardware  permit  the 
color  monitor  display  or  only  six  land  cover  categories,  at 
one  time,  using  high  resolution  graphics;  (4)  tut  naru  copy 
display  (dot  ui a 1 1 i x  map)  of  the  land  cover  categories  cannot 
be  scaled  to  the  topographic  map  of  the  area  due  to  limita¬ 
tions  if.  tiie  hara  copy  algorithm  and  printing  procedures  or 
tn-  Apple  compatible  dot  matrix  printer;  and  (5)  the  size  or 
tu.  A I  :•  1 L  P  i  P  a  13  image  is  restricted  to  2*10  x  192  pixels, 
approximately  d.4  x  5.o  kilometers. 

Au vantages  of  tne  APPLLPIPS  approaca  include;  (1)  the  im¬ 
age  processing  system  is  lew  cost,  ccirtiietcially  available, 
it.q  co.uiatit.ii.  witn  microcomputer  hardware  systems  currently 
n  ;1  led  in  the  military;  (2)  the  system  is  well  documented 
ini  easy  to  learn  Ly  per  .son  nci  with  iimiteu  computer  and  im¬ 
age  processing  Knowledge  ;  and  (3)  providing  that  the  'id  data 
is  in  tne  con  act  ior.u  at  and  ancillary  references  are  avail- 
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c aii t  id r.d  covers  using  LANESAT  4  Hematic  tapper  data.  Inis 
lew  cost,  commercially  available-,  image  processing  system  is 
com  pa  t  u  1  e  with  microcomputer  naruware  systems  currently 
r  iclu«>i  at  tn«  corps  and  division  level  in  the  OS  Army.  I  he 
h.c antral i zat ion  or  LANDS A I  digital  image  processing  to  tne 
us^-_  ievci  would  provide  timely,  current  land  cover  mrerma- 
tion  (derived  trom  recently  acquired  LAnDJAI  ^ H  data)  to 
supplement  existing  topographic  maps  ana  aerial  imagery.  I  lie 
application  01  Thematic  Mapper  data,  in  Keeping  wita  the 
dll-source  analysis  concept,  would  piovide  a  new  dimension 
to  tne  acquisition  or  tactical  terrain  data. 

ins  ciarsi  r  icatxon  system  used  in  this  study  t'a  mouiried 
Udds  land  cover  ci assi r icat ion  system  ror  use  with  remote 
sensor  data)  provides  a  standard  convention  ror  tne  analysis 
ana  c ia^s i r icat ion  or  tactical  terrain  data  using  LANDS  AT  IM 
digital  imagery.  Ihis  system  permits  the  accurate  mapping 
or  Level  1  arid  II  land  cover  categories  using  tne  APPLtPIPS 
par ai  lelepipod  clarsif  ication  algorithm.  Inis  supervised 
n  on  pu  r  am- 1  r  ic  method  permits  trie  complimentary  application 
or  loti,  the  landscape  and  quantitative  approacnes  to  terrain 
evaluation.  Although  tne  detailed  level  ail  land  cover  cat¬ 
egories  were  not  successfully  mapped  using  this  approach, 
cjl r  sit  literature  indicates  that  these  categories  may  tr 
obtained  using  various  image  enhancement  techniques  ret  ad- 
i :  e-:  d  m  this  st  u  j  y . 


Chapter  V 


CONCLUSIONS 

I  hid  study  aeaotiiatraie.i  1 1*»  potet  tiii  uo  i  or  BicLcccmput 
<r.L  image  processing  tocanigues  to,.  a:  taii.ii,  j  t  icticdl  ter¬ 
rain  data  from  LAN  ESA  I  ti.uj.ti.jpccti.il  «n  jital  mili¬ 

tarily  significant  Leva!  I  ana  n  lira  cover  classes  nat 
uiapoed  tor  three  North  Carolina  study  areas,  repteottit  lhq 
typical  ferest,  agricultural,  wetland,  Larren,  water,  ana 
urban  lane  cover  categories  in  tat  Piedmont  physiographic 
region.  Ihe  accuracy  or  the  lanu  cover  maps  mat  the  USGS 
classic icatict  accuracy  standard  of  85  percent  at  tue  d.05 
comidence  level. 

Ihe  application  of  LANESAI  digital  imagery  anu  cemputer- 
assisted  processing  technigues  in  the  military  terrain  anal 
ysis  process  permits  the  acquisition  of  current  tactical 
terrain  data  pertaining  to  vegetation,  surface  materials, 
surtace  drainage,  and  urban  areas.  Ibese  tactors,  along 
with  uafa  pertaining  to  surtace  conf igur at  ion  and  obstacles 
ate  essential  for  the  completion  of  the  terrain  analysis 
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lae  f-iooridl  Image  Processing  System,  designed  for  ust 
witn  the  Apple  II  series  microcomputer,  was  used  in  this 
stuuy  to  display,  enhance,  anc  classify  militarily  signiri- 
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permits  an  allowable  number,  X,  ox  ntisclassi ties  sites 
within  stated  confidence  limits  ror  a  minimum  acceptable  ac¬ 
curacy  level.  For  a  minimum  acceptable  accuracy  or  85  per¬ 
cent  at  the  0.05  confidence  level,  no  more  than  8  sites  may 
re  misclassif ied  from  a  stratified  random  sample  or  93 
sites. 

bach  study  area  was  geomet r icai ly  stratified  and  53 
(100x100  meter)  training  sites  were  randomly  located  on  the 
images,  using  stratified  systematic  unaligned  sampling  with 
coordinates  from  a  random  numler  table.  The  land  cov^r  clas¬ 
sification  was  determined  from  the  classified  image  and  com- 
pareu  to  tne  actual  land  cover  class  observed  in  the  field 
and/or  interpreted  from  the  eclor  infrared  aerial  photo¬ 
graphs  tor  sites  which  were  inaccessible.  fable  20  lists 
tne  results  of  tne  classification  accuracy  assessment  for 
the  Piedmont  study  areas. 

In  each  case,  no  more  than  8  sample  sites  were  misclassi- 
tiod.  based  on  these  observations,  the  ciassit ication  accu¬ 
racy  of  the  three  piedmont  study  area  land  cover  maps  pro¬ 
duced  using  the  Apple  Personal  Image  Processing  System  and 
LANiSAI  4  Thematic  Mapper  data  was  determined  to  meet  tne 


d 5 S3  accuracy  standard  of  85  percent  at  the  0.05  confidence 


executed  kith  an  expansion  cf  the  original  signatures  of  1u0 
percent  rcr  the  Farrington  anu  hew  Hill  images.  Approxi¬ 
mately  3  percent  (400  pixels  per  quadrant)  or  the  Farrington 
and  New  gill  images  did  net  fall  within  a  land  cover  class 
during  execution  or  tue  algorithm.  These  pixels  represent 
primarily  mixed  boundary  transition  areas  (mixed  pixels)  be¬ 
tween  land  cover  classes;  swampy  areas;  the  agricultural 
crop/pasture  class  (winter  wheat);  and  fallow  rieids. 

Three  iteration^  of  the  FPC  algorithm  witn  an  expansion 
of  100  percent  were  necessary  for  the  Chapel  liill  image  re¬ 
sulting  in  approximately  4  percent  (530  pixels  per  quadrant) 
ot  the  image  not  being  classified  into  one  or  the  rive  land 
cover  categories.  Ihese  unclassitied  pixels  corresponded  to 
tne  nigh-density  urban  and  transportation  classes.  low-den¬ 
sity  urban  (residential,  single  family  dwelling  witn  dense, 
tree  covered  lots)  were  classitieu  as  eitner  deciduous  or 
everqreen  torest. 

4.5  CLASSIFICATION  ACCURACY  ASSJSSMENT 

The  classification  accuracy  ot  the  Piedmont  land  cover 
maps  produced  from  the  LANDSAT  4  digital  data  was  determined 
using  an  accuracy  assessment  technique  designed  by  Gine- 
v a n . 8  7  This  technique  is  based  on  a  random  sampling  design 
which  minimizes  tne  number  ct  ground  truth  sit^s,  N,  and 


“  7  Ginevan,  M.£.  "Testing  Land-Use  flap  Accuracy:  another 
Look.",  Journal  of  Pnotogcaa.mc.tr  ic  Engineering  ana  Remote 
sensing.  Voi. 45 , no. 1 u,  CC i  li,  ) p.  13  7  1-1j7  7. 
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iwo  i  t’.idticrs  oi  the  il-'u  ciassilicition  a  lq  on  turn  were 
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4-4  P£D  CllSSlFICATIOJj 

Spectral  bands  3,  4,  and  b  (Tfl  Eands  b,  7,  and  Pci)  were 
selected  ror  £  FD  classification.  spectral  signatures  tor 
these  three  Lands  were  Letter  separated  and  more  clearly  de- 
tined  than  were  these  ot  bands  1  and  2.  These  bands  repre¬ 
sent  the  two  IM  middle  infrared  channels  and  the  first  prin¬ 
cipal  component  ol  the  tour  original  bands  (T M  2,  4,  5,  7). 

Figures  5  through  7  depict  the  Level  II  land  cover  cat¬ 
egories  classified  using  the  AFFLEEIPS  PPD  classification 
algorithm. 

la  hie  19  lists  the  land  cover  categories  and  percentage 
or  the  image  in  each  category  tor  each  of  the  three  Piedmont 
study  areas. 
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Characteristic  spectral  signatures  for  the  five  Level  I  land 
cover  categories  (mlan,  agricultural,  forest,  water,  bar- 
ren)  initially  identified  in  the  Chapel  Hill  study  area  were 
successfully  developed  usinq  the  signature  development  meth¬ 
odology  previously  discussed.  Variations  in  land  cover  con¬ 
ditions  and  spatial  distr itutions  of  similar  land  cover  cat¬ 
egories  resulted  in  the  development  cf  different  signatures 
(range  of  EN  values)  for  chapel  Hill  tnan  for  New  Hill  anu 
Farrington. 

only  two  or  the  twelve  Level  II  land  cover  categories 
were  clearly  identifiable  on  the  Chapel  Hill  image  (decidu¬ 
ous  and  evergreen  forest) .  Mixed  forest  class  spectral  re¬ 
sponses  rell  in  either  the  deciduous  or  evergreen  class  de¬ 
pending  upon  the  dominant  tree  type  in  each  pixel.  Sinilar 
spectral  responses  were  alsc  found  for  the  high  density  ur¬ 
ban  class  (areas  devoid  of  veqetation;  commercial,  service, 
industrial,  institutional,  extractive  areas;  roof  tops);  the 
agricultural  crcp/pasture  class  (cultivated  spring  wheat  and 
senesced  pasture  cover);  and  other  urban  land  (parks,  play- 
inq  fields/courts,  undeveloped  land).  Likewise,  the  trans- 
por tat icn/coirni un ication/  utilities  class  (roads,  railroads, 
airfield,  transmission  line  corridors);  fallow  fields  (bar¬ 
ren  coarse  soils) ;  and  open  areas  (0-25  percent  canopy  clo¬ 
sure)  all  possessed  similar  spectral  response  patterns  and 


could  not  be  differentiated  by  spectral  response  alone. 
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valuer.  Mixed  evergreen  and  deciduous  forest  were  alsc  not 
clearly  identifiable. 

l'able  18  lists  the  five  band  spectral  signatures  devel¬ 
oped  for  the  predominantly  urtan  chapel  Hill  image. 


TABLZ  18 

Level  I  and  11  Spectral  Signatures  Chapel  Hill  Area 
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fairinqton  ana  aew  hill  Spectral  Siqaatares 
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roaus) ;  and  tallow,  barren  crop  rielus  (coirjc  and  tine 
(j rained  roils),  nau  very  similar,  ind ist inqu ish  an le  spectral 
responses  in  axl  Lands.  Similarly,  deep  ana  shallow  wit  or 
and  nenrortsted  wetland  (marsh)  were  in  the  3  uii^  rii.q-  or  aN 


Although  aerial  photography  itikains  the  basic  tool  tor 
the.  acquisition  or  tactical  terrain  data,  tna  application  o 
LAN  LSAi  digital  imageiy  and  microcomputer- assisted  process¬ 
ing  techniques  (in  the  data  acquisition  ana  classification 
step  ot  the  military  terrain  analysis  process)  provide  an 
additional  source  ot  mrormation  pertaininq  to  the  environ¬ 
mental  conditions  of  a  specific  area  ot  operation.  Comple¬ 
tion  of  the  terrain  analysis  process,  using  accurate,  up-to 
date  tactical  terrain  data,  provides  essential  inroruiation 
that  commanders  need  to  make  tactical  decisons  that  ulti¬ 
mately  determine  the  successful  execution  of  military  opera 
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